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SECTION  I 


INTRODUCTION 

1.  SCOPE  OK  THE  REPORT 

This  technical  report  describes  a  wind  site  survey  conducted  at  the 
United  States  Air  Force  Academy  from  May  1977  to  September  1980.  Funding 
for  this  project  was  provided  by  the  Air  Force  Civil  and  Environmental 
Engineering  Development  Organization  (CEEDO),  Air  Force  Systems  Command, 
which  has  been  reorganized  as  a  branch  of  the  Air  Force  Engineering  and 
Services  Center,  Tyndall  Air  Force  Base,  Florida. 

The  wind  site  survey  is  one  of  two  tasks  under  the  USAF  Academy  (USAFA) 
Wind  Energy  Conversion  System  Project.  The  other  task  is  the  design, 
fabrication  and  testing  of  a  small  vertical  axis  wind  turbine.  This  task 
will  not  be  described  here  but  is  fully  reported  (1).  The  present 
report  deals  not  only  with  results  of  the  wind  site  survey  of  the 
USAF  Academy, but  also  presents  methodologies  for  performing  similar  surveys 
at  other  USAF  installations. 

2.  PROJECT  MOTIVATION 

The  USAF  Academy  Wind  Energy  Conversion  System  Project  began  in  1977 
with  the  sole  task  of  studying  a  vertical-axis-type  wind  turbine.  Later 
that  year  it  became  apparent  that  some  knowledge  of  wind  characteristics 
at  the  selected  machine  test  site  was  necessary  and  wind  recording  instru¬ 
mentation  was  installed.  In  mid-1978  a  large  effort  in  wind  resource 
assessment  throughout  the  wind  energy  community  prompted  addition  of  the 
second  project  task,  that  of  a  wind  site  survey  of  the  18,000-acre  USAFA 
installation.  As  this  survey  progressed,  it  became  even  more  apparent 
that  procedures  developed  at  USAFA  could  be  applied  to  similar  surveys  of 
other  Air  Force  bases.  Therefore,  the  wind  site  survey  task  was  specifically 
extended  at  the  beginning  of  FY  1980  to  include  the  development  of  method¬ 
ologies  to  support  a  uniform  USAF-wide  approach  to  wind  energy  applications. 
The  foresight  of  these  actions  is  evidenced  by  specific  wind  site  surveying 
directives  included  in  the  Wind  Energy  Systems  Act  of  1980  and  discussed 
in  the  next  section. 


1 


3.  WIND  ENERGY  SYSTEMS  ACT  OF  1980 


With  the  passage  of  Public  Law  96-345  (cited  as  the  "Wind  Energy  Systems 
Act  of  1980")  on  8  September  1980,  procedures  guaranteeing  rapid  and  effi¬ 
cient  applications  of  wind  energy  on  Air  Force  installations  became  a  neces¬ 
sity  (2).  No  longer  was  an  individual  base  approach  such  as  that 
accomplished  at  the  Air  Force  Academy  sufficient.  The  Academy  survey  results 
are  surely  part  of  the  required  data  base,  yet  all  bases  must  now  be  con¬ 
sidered  as  a  group,  with  some  selection  criteria  applied. 

Table  1  lists  extracts  from  the  text  of  the  Wind  Energy  Systems  Act  of 
1980,  along  with  comments  related  directly  to  the  present  report.  It  is  par¬ 
ticularly  appropriate  to  note  the  directive  nature  of  Section  11(1) (A)  and 
Section  11(1) (B)(1).  These  sections  very  specifically  detail  DOD  responsi¬ 
bilities  with  regrad  to  economical  application  of  wind  systems.  The  remain¬ 
der  of  this  report  is  dedicated  to  the  fulfillment  of  this  particular  section. 
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SECTION  II 


THE  USAF  ACADEMY  WIND  SITE  SURVEY  EXPERIENCE 

1.  SURVEYING  APPROACH 

As  mentioned  in  Section  I,  the  USAFA  Wind  Energy  Conversion  System 
Project  was  first  envisioned  to  involve  only  the  testing  and  a  sample 
application  of  a  vertical  axis  wind  turbine.  In  the  process  of  locating 
a  test  site  for  this  machine,  it  became  immediately  apparent  that  little 
was  k-nown  about  wind  characteristics  at  the  Air  Force  Academy.  Not  only 
was  such  information  important  for  wind  machine  design, but  also  for 
determining  if  the  Academy's  18,000-acre  installation  was  a  viable  site 
for  future  wind  machine  applications.  Such  a  large  base  with  compli¬ 
cated  terrain  features  becomes  a  real  siting  challenge,  particularly 
when  funding  levels  do  not  permit  extensive  measuring  equipment  instal¬ 
lation.  Therefore,  a  general  siting  philosophy  was  employed  which  called 
for  heavy  emphasis  on  physical  prospecting  to  locate  a  few  potential  high 
energy  sites  at  which  fixed  instrumentation  could  be  placed  for  long-term 
wind  measurements. 

2.  EXISTING  WEATHER  DATA,  1978 

Collection  of  weather  information  available  in  1978  and  relevant  to 
tno  wind  site  survev  of  USAFA  falls  in  two  catoaories.  First,  a  literature 
search  was  undertaker,  bv  Lofqren  ;  i)  to  determine  weather  extremes  which 
mialit  a  feet  the  safe  and  efficient  operation  of  a  wind  machine,  (General 
results  in  the  form  of  comments  on  these  siting  extremes  are  contained 
in  Appendix  C.  No  weather  extremes  were  identified  which  would  preclude 
the  operation  of  a  well-designed  wind  machine  at  the  Air  Force  Academy. 

The  second  data  gathering  thrust  was  directed  to  the  collection  of  specific 
wind  characteristics.  The  most  extensive  local  data  base  is  that  collected 
at  the  City  of  Colorado  Springs  Municipal  Airport.  However,  this  data  was 
recorded  about  20  miles  from  USAFA  and  in  relatively  flat  terrain.  There¬ 
fore,  no  attempt  was  made  to  extend  or  use  this  information  for  the  reasons 
mentioned.  A  second  data  set  was  located  which  represented  wind  recording 
during  daylight  hours  August  1969  to  July  1970  at  the  Air  Force  Academy 
Airfield  site.  While  this  data  is  not  as  extensive  as  that  from  the  City 
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of  Colorado  Springs  Airport,  the  proximity  to  the  more  complex  USAFA  terrain 
made  it  more  useful.  The  authors  were  unable  to  locate  the  source  document 
from  which  the  USAFA  Airfield  data  was  taken  yet,  nevertheless,  believe  it  to 
represent  actual  results  from  a  survey  made  to  orient  the  primary  runway. 
Figure  1  shows  a  wind  rose  based  upon  the  raw  percent  occurrence  versus 
wind  direction  data  from  the  airfield. 

3.  PHYSICAL  SURVEY  OF  USAFA 

The  wind  rose  of  Figure  1  shows  a  most  definite  prevailing  wind  direc¬ 
tion  of  about  348-153  degrees  magnetic.  Based  upon  this  finding  and  assum¬ 
ing  the  prevailing  direction  would  be  maintained  in  the  general  wind  field 
over  USAFA,  prospecting  was  initiated  to  locate  sites  where  wind  speeds 
higher  than  at  the  airfield  might  be  realized.  Concurrently,  Meroney,  et  al., 
(4)  reported  wind  tunnel  results  of  flow  over  long  ridges  oriented 

perpendicular  to  the  flow  direction..  Conclusions  centered  around  dramatic 
speed  increases  found  close  to  ridge  crests  equalling  speeds  found  at  much 
higher  elevations  over  flat  terrain.  Meroney  also  concluded  that  optimum 
ridge  slopes  were  between  1:2  to  1:4,  ridge  crests  should  be  smooth  and 
rounded, and  vegetation  could  produce  undesirable  turbulence.  Also,  general 
guidelines  indicate  ridges  should  be  about  10  times  as  long  as  they  are 
high  to  preclude  wind  flow  around  the  ends  of  the  ridge  rather  than  over 
the  crest. 

Initial  visual  inspections  of  the  USAFA  terrain  indicated  a  number  of 
long  ridge  lines  oriented  approximately  perpendicular  to  the  prevailing 
wind  directions  of  Figure  1.  An  example  of  such  a  ridge  line  is  shown  in 
Figure  2.  lo  investigate  these  ridge  lines  lurcher,  two  steps  were  taken. 
First,  terrain  profiles  in  the  prevailing  wind  direction  were  produced 
using  a  topographical  map  and  the  digitizing  capability  of  a  desktop  com¬ 
puter.  These  profiles  were  then  used  to  produce  a  three-dimensional  ter¬ 
rain  model  and  to  measure  ridge  lines  for  the  favorable  characteristics 
mentioned  earlier.  A  physical  inspection  fol lowed,  which  included  qualita¬ 
tive  factors  and  quantitative  measurements  of  slopes  and  ridge  line  lengths. 
Three  primary  sites  were  then  selected  for  fixed  instrumentation  installa¬ 
tion.  Characteristics  of  these  sites  are  listed  In  Table  2  and  locations 
of  primary  and  secondary  sites  ure  shown  in  Figure  3. 


360 


Figure  1.  Wind  Rose,  USAF  Academy  Airfield, 

August  1969-July  1970,  Daylight  Hours 
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4.  SELECTION  AND  PLACEMENT  OF  INSTRUMENTATION 


The  first  site  instrumented  was  the  wind  turbine  test  site  located  just 
east  of  Fairchild  Hall  at  the  Air  Force  Academy.  A  Weather  Measure  Corpora¬ 
tion  Remote  Recording  Skyvane  I  Wind  System,  Model  W101-DC-DG0-540,  was 
installed  late  in  1977  to  support  the  design,  fabrication  and  testing  of 
the  USAFA  Vertical  Axis  Wind  Turbine.  The  anemometer  head  was  placed  on  a  4.3- 
meter  (14-foot)  tower  9.1  meters  (30  feet)  north  of  the  wind  turbine,  wind  speed 
and  direction  were  continuously  recorded  on  a  paper  strip  chart.  The  strip 
charts  were  analyzed  using  the  digitizing  capability  of  an  HP  9830  desktop 
computer.  Strip  chart  data  is  generally  cumbersome  and  time  consuming  to 
reduce, yet, one  cannot  fault  this  method  of  recording  for  having  too  little 
information.  It  is  an  excellent  procedure  for  learning  characteristics  of 
the  wind,  yet,  is  certainly  inappropriate  for  a  mature  site  survey  program. 

Instrumentation  was  also  installed  in  1978  at  the  three  primary  instru¬ 
mentation  sites  described  in  Section  11,3.  Each  anemometer  was  placed 
at  the  top  of  a  10-meter  tower.  The  towers  were  installed  using  portable 
foundations  and  guying  systems  designed  and  installed  by  project  personnel. 
Recording  devices  were  battery-powered  and  housed  in  weatherproof,  locked 
containers  attached  to  the  bottom  of  the  towers.  Figures  4  and  5  show 
the  tower  and  instrumentation  at  Site  #2. 

Table  3  describes  the  installed  instrumentation  and  output  form  at 
the  three  primary  sites.  Site  #1  was  chosen  as  the  site  for  more  complete 
instrumentation.  Sites  It 2  and  It3  have  simpler  devices  which  allow  com¬ 
parison  to  the  Site  It  1  output. 


TABLE  3;  PRIMARY  SITE  INSTRUMENTATION 


Site  Number 


1 


2,3 


Instrumentation  Type 

Wind  Speed  Compilator, 
Model  A30-131,  Natural 
Power,  Inc. 


Wind  Data  Accumulator, 
Model  A20-001,  Natural 
Power,  Inc. 


Output 

Wind  velocity  in  32  speed 
bins  and  8  direction  bins. 
Yields  wind  frequency 
distribution  vs.  direction 
over  a  recording  period. 

Wind  run.  Yields  average 
wind  speed  over  a  recording 
period. 
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Figure  4.  Site  #1,  lG'Meter  Tower 
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5.  TALA  APPLICATIONS 


a.  TALA  Anemometer  -  Basic  Description 

As  described  in  an  earlier  section  of  this  report,  the  fixed 
instrumentation  installed  to  support  the  USAFA  wind  site  survey  task  in¬ 
cludes  three  recording  devices  on  separate  10-meter  towers.  Each  tower  is 
located  on  crests  of  long  east-west  ridge  lines  in  an  attempt  to  assess 
speed  increases  expected  to  occur  from  prevailing  north-south  winds.  It 
was  recognized  early  that  these  towers  were  probably  too  low  to  capture 
speedup  effects,  yet,  funding  restrictions  and  environmental  factors  pre¬ 
cluded  higher  towers.  Project  investigators  hoped  to  either  extend  tunnel 
modeling  results  (4)  and/or  locate  a  simple  field  measuring  device  to 
extend  the  lO-meter  findings  to  realistic  large  wind  machine  hub-heights 
of  about  30  meters  and  coincident  with  heights  where  ridge  line  wind 
speedup  might  be  seen.  Extension  of  the  wind  tunnel  results  was  found 
not  feasible  due  to  lack  of  data  for  wind  directions  not  perpendicular 
to  the  ridge  line  crest. 

Late  in  1978  a  new  product  was  marketed  called  the  Tethered 
Aerodynamically  Lifting  Anemometer  or  TALA  system.  This  hand-held  device 
is  simply  a  kite  connected  to  a  calibrated  spring.  Tension  on  the  kite 
string  is  read,  through  appropriate  calibrations,  as  wind  speed.  The 
angle  of  the  string  referenced  to  horizontal, coupled  with  string  length, 
leads  to  flight  elevation  and  the  magnetic  direction  between  the  operator 
and  kite  gives  wind  direction.  The  TALA  system, disassembled, and, in  its 
carrying  case, is  shown  in  Figure  6  and  as  flown  in  Figure  7. 

Advantages  of  the  TALA  system  fall  in  four  general  categories  (5): 

(1)  Economy .  A  base  purchase  price  of  about  $1000  is  a 
fraction  of  the  cost  of  fixed  instrumentation. 

(2)  Ease  of  Operation.  Setup  for  a  typical  flight  takes 
about  5  minutes.  One  record  with  6  readings  to 
altitude  takes  about  30  minutes. 

(3)  Simplicity.  The  entire  unit,  including  the  carrying 
case,  weighs  only  12  pounds  and  is  small  enough  for  air¬ 
line  carryon.  Data  recording  and  flying  procedures 
require  minimal  training. 
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Figure  6.  TALA  and  Accessories 


Figure  7.  TALA  in  Flight 
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(  4}  Accuracy.  Wind  tunnel  calibrations  at  NASA  Langley 

show  accuracies  within  2  percent  (6) .  Some  minor  criticisms 
have  been  leveled  at  the  device,  but  accuracy  is  con¬ 
sidered  to  be  quite  good. 

Limitations  of  the  TALA  system  fall  under  the  general  category  of  opera¬ 
tional  restrictions  and  lead  to  recommendations  on  use  of  this  device 
discussed  later  in  this  section  (5). 

(  1)  Flight  Altitude.  300  meters  is  the  upper  limit  of 

flight.  This  is  generally  well  above  heights  required 
for  wind  turbine  applications. 

(  2)  Reeling  In.  Above  wind  speeds  of  about  15  m/s,  it  is 

physically  very  difficult  and  time  consuming  to  reel  in 
the  kite  from  altitude. 

(  3)  Daylight  Flight.  In  the  as-supplied  condition,  TALA 
is  equipped  for  daylight  operation  only, since  the 
kite  must  be  seen  visually  to  measure  the  angle  of 
flight  and  wind  direction.  However,  a  self-contained 
lightweight  beacon  could  be  attached  to  the  kite  for 
nighttime  flights. 

(  4)  Time/Wind  Field  Variations.  The  wind  field  at  a  par¬ 
ticular  site  varies  widely  with  time.  If  TALA  is  used 
for  vertical  profiling,  for  example,  time  "marches  on" 
as  the  kite  is  flown  at  increasing  and  decreasing 
altitudes  above  the  site.  This  procedure  takes  a 
finite  amount  of  time  during  which  the  general  wind 
characteristics  may  fluctuate  widely,  leading  to  lack 
of  correlation  in  readings  taken  at  each  flight  altitude. 

b.  USAFA  Experiences  with  TALA 

The  TALA  system  was  purchased  early  in  1979  for  the  sole  purpose 
of  vertical  wind  profiling  over  the  three  fixed  instrumentation  sites. 

Since  delivery,  this  device  has  been  flown  over  all  three  locations. 

Results  of  these  flights  are  shown  in  Appendix  A. 3.  The  figures  shown 
were  generated  using  a  desktop  computer  and  software  for  vertical  profiles. 
The  TALA  data  recording  procedure  is  detailed  in  Section  IV.  2.  A 
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definite  speed  increase  at  about  30  meters  above  the  ridge  line  is  seen  in 
many  of  the  tests  and  is  of  enough  importance  to  suggest  a  higher  tower  with 
associated  wind  recorders  should  be  placed  at  one  of  the  sites. 

As  with  attempts  to  extend  wind  tunnel  results  to  elevations  above 

10  meters,  TALA  results  could  also  not  be  so  extended.  This  is  due  to  the 

limited  number  of  TALA  flights  not  encompassing  a  full  range  of  wind  veloci¬ 
ties,  directions  and  flight  altitudes.  Even  with  a  full  data  set,  time-oi- 
Jay,  seasonal  and  yearly  wind  variations  would  probably  be  cause  for  sus¬ 
picions  that  correlations  to  the  10-meter  fixed  instrumentation  results 
were  inaccurate. 

In  light  of  the  USAFA  experience  with  the  TALA  system,  some 

re.  omiv.end.it  ions  for  its  use  in  Lhe  future  can  be  made.  First  and  foremost, 

i 'A LA  can  be  considered  to  be  a  very  good  prospecting  tool.  It  should  not, 
however,  be  a  replacement  for  fixed  instrumentation  but  can  be  used  very 
effectively  to  locate  sites  where  such  instrumentation  should  be  placed. 
Second  ly,  TALA  can  be  employed  around  obstructions  to  qualitatively 
locate  turbulent  areas.  The  operator's  manual  (6)  describes  such  a 
procedure  wnere  a  vertical  line  with  long  tapes  attached  at  regular 
intervals  is  flown  from  the  kite.  Stable,  horizontal  tape  motion  indi¬ 
cates  steady  winds,  while  heavy  tape  flapping  indicates  undesirable  tur¬ 
bo  1  once . 

h.  SURVEYING  RESULTS 

a.  Wind  Characteristics 

Tables  and  figures  of  Appendix  A  show  monthly  and  annual  wind 
characlt  rist  ies  for  primary  instrumentation  Site  it  1  and  the  wind  turbine 
test  site.  Also  shown  are  a  number  of  records  :  roir.  TALA  t  lights  over  the 
three  primary  instrumentation  sites.  Information  contained  in  these  tables 
and  i  igures  will  be  useful  for  more  site-specific  activities  necessary  if 
anil  when  decisions  are  made  to  install  wind  machines  at  the  USAF  Academy. 
Economic,  calculations  shown  in  the  next  section  are  all  based  upon  annual 
data  reduced  for  Site  >71. 

Figure  8  shows  approximate  monthly  and  annual  average  wind  speeds 
for  the  three  primary  sites.  Missing  data  points  represent  instrument 
maintenance  periods.  Site  III  shows  a  slightly  higher  average  annual  wind 
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Annual  Wind  Spc 


Wind  Spue- 


speed  than  the  other  two  sites  with  Site  #3  below  the  other  two.  This 
was  not  unexpected  as  Site  fr‘3  is  less  than  ideal  in  terms  of  ridge  line 
characteristics. 

Figure  9  shows  a  comparison  of  wind  speed  duration  curves  for  a 
number  of  sites.  Grandpa's  Knob,  the  location  of  the  famous  Smith-Putnam 
wind  machine,  is  generally  considered  to  be  representative  of  an  excellent 
site  in  terms  of  wind  potential.  Amarillo  Airport  represents  a  good  site. 
All  of  the  Academy  sites  fall  below  Amarillo  in  terms  of  potential.  How¬ 
ever,  Site  //I  exceeds  the  Academy  Airfield  in  wind  speeds  above  18  mph. 

As  expected,  the  wind  turbine  test  site,  selected  for  convenience,  is  a 
poor  site  as  evidenced  by  an  approximate  average  annual  wind  speed  (measured 
at  1A  feet)  at  5  mph. 

In  spite  of  the  implication  of  Figure  9,  the  Air  Force  Academy  wind 
potential  may  well  be  greater  than  measured  in  this  project.  Admittedly, 
10-meter  instrumentation  heights  were  too  low  to  capture  the  full  impact  of 
ridge  speedup  yet  did  reveal  some  benefits  above  18  mph.  TALA  records  of 
Appendix  A  indicate  speedup  occurs  at  heights  equal  to  or  greater  than 
30  meters.  This  might  well  boost  the  category  of  USAF  Academy  sites  into 
the  14  mph  region  required  in  early  DOE  candidate  site  selections. 

b.  Economic  Analysis 

Two  machines,  the  Carter  Model  25  and  the  DOE  MOD-2,  were  economi¬ 
cally  evaluated  for  possible  installation  at  USAFA.  Two  techniques  de¬ 
scribed  more  completely  in  Section  IV  ,4.,  the  Approximate  (7)  and  Air 
. orce  Method  (8),  were  used.  Tables  A  through  6  present  the  results 
where  all  values  are  to  the  nearest  $100.  Line  7  is  used  to  rank  order 
Vi;i’  projects.  Line  entry  number  9  on  each  of  the  tables  gives  the 
ycar-to-simple-payback  with  no  salvage  value  assumed  and  line  entry  10 
gives  the  payback  factor.  Only  the  MOD-2  appears  feasible  with  the 
Approximate  Method  but  neither  of  the  machines  are  self-amortizing, using 
the  Air  Force  Method. 
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TABLE  4:  USAFA  ECONOMIC  ANALYSIS,  APPROXIMATE  METHOD 


I.  Annual  Fixed  Costs  as  Percent  of  Initial  Cost,  i 


Cost  of  Money 

Operations  and  Maintenance 


II.  Economic  Analysis  Parameters 


1.  Cost  of  System 

a.  System  Hardware  ($) 

b.  Installation  ($) 

c.  Utility  Grid  Connection  (?) 

d.  Total  System  Cost  ($) 

e.  Cost  per  Installed  kW  ($) 

2.  System  Life  (Yr) 

3.  Baseline  Electric  Cost 

($/kW-Hr.,  1981) 

4.  Utility  Escalation  Rate,  i„ 

(Annual  %) 

5.  Annual  Output  of  Machine 

(kW-Hr) 

6.  Annual  Value  (AV)  of 

Conserved  Electricity  ($) 

7.  Annual  Fixed  Cost  -  Utility 

Escalation  Rate,  (i^  -  i 2 ) (% ) 

8.  Capital  Recovery  Factor  (CRF) 

CRR  Total  System  Cost 

9.  Years- co-S imp le  -Payback  (Compound 

Interest  Table  using  CRF) 

10.  Payback  Factor  (PF) 

PF  =  Llne...9 _ 

System  Life 


10 

2  1/2% 
12  1/2% 


Machine 


Carter  25 


14,500 

3,000 

2,000 

19,000 


31,700 


MOD- 2 
(2.5  MW) 


1,545,000 

725,000 

230,000 

2,500,000 

1,000 


4,913,500 


122,800 


TABLE  5s  USAFA  ECONOMIC  ANALYSIS,  AIR  FORCE  METHOD,  MODEL  25 


Costs 

1.  Total  System  Costs 
Benefits 

2.  Recurring  Benefit/Cost  Differential  Other  Than  Energy 

a.  Annual  Labor  Decrease  (+) /Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annual  Decrease  (+)/Increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor  (MCP  Table) 

f.  Discounted  Recurring  Cost  [2d  x  2e] 

3.  Recurring  Energy  Benefit/Costs 

a.  (1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease  (+)/Increase  (-) 

[3a(l)  x  3a (2) ] 

(4)  Differential  Escalation  Rate  (12%)  Factor 

(5)  Discounted  Dollar  Decrease  (+)/Increase  (-) 

[  3a  (3)  x  3a (4)  ] 

b.  Discounted  Energy  benefits  (3a(5)] 

4.  Total  Benefits  [ 2 f  +  3b] 

5.  Discounted  Benefit/Cost  Ratio  '4:1] 
o .  iolal  Annual  Lnet „y  Savings  [3afl)j 
7.  E/C  Ratio  [6  v  1/1000] 

S.  Annual  $  Savings  [2d  +  3a(3)] 

').  Payback  Period  [(1  -  Salvage)  :  8  ’ 

0.  PF 


$19,500 

$  -30u/) r 

$  -100/Yr 

?  -,100/Yr 

$  -500/Yr 

8.933 
$-4,500 

368  MBTL'/Yr 
$2.1 6/Mt>i  i' 

800/ Yr 
S  21.69 

$  17,400 
$  17.400 

$  12,900 

.  '  V- 

3bi>  M3'!’,  '.i 

19  MBTL’/SIOOO 
$  .3)0 

A  -Yr 
3 .  3  5 


TABLE  O:  USAFA  ECONOMIC  ANALYSIS,  AIR  FORCE  METHOD,  MOD-2 


Costs 

1.  Total  System 


$2,500,000 


Benefits 

2.  Recurring  Benefit/Cost  Differential  Other  Than  Savings 

a.  Annual  Labor  Decrease  (+)/Increase  (-) 

b.  Annual  Material  Decrease  (+) /Increase  (-) 

c.  Other  Annual  Decrease  (+) /Increase  (-) 

d.  Total  Cost 

e.  10'/.  Discount  Factor  (MCP  Table) 

f.  Discounted  Recurring  Costs  i 2d  x  2e] 


$  -37,500/Yr 

-12, 500/Yr 
-12,500/Yr 
$  -62, 500/Yr 

9.524 

$  -595,300 


3.  Recurring  Energy  Benef it/Costs 

a.  Type  of  Fuel-Electricity 

(1)  Annual  Energy  Decrease  (+) /Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease  (+)/Increase  (-) 

[3a(l)  x  3a (2) ] 

(4)  Differential  Escalation  Rate  (12%)  Factor 

(5)  Discounted  Dollar  Decrease  (+) /Increase  (-) 

[ 3a (3)  x  3a (A) J 

b.  Discounted  Energy  Benefits  [3a(5)] 

A.  Total  Benefits  [2f  +  3b] 

3.  Discounted  Benefit/Cost  Ratio  [4  F  1] 

6.  Total  Annual  Energy  Savings  [ 3a ( 1 ) ] 

7.  E/C  Ratio  [b  1/3000] 

8  Annual  $  Savings  | 2d  +  3a (3)} 

9,  Payback  Period  [(1  -  Salvage)  F  8] 

10.  PF 


57,000  MBTU /Per  Yr 
$2. 16/MBTU 

$  123 , 100/Yr 

28.45 

$3,494,800 

$3,494,800 

$2,899,500 

1.16 

57,000  MBTli/Yr 
22.8  MBTU /$ 1000 
$  60,000 

42Yr 

1.68 
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SECTION  III 


METHODOLOGIES  FOR  USAF  WIND  SITE  SURVEYS 

1.  INTRODUCTION 

It  is  important  that  an  Air  Force  wind  program  be  organized  and 
managed  such  that  the  energy  available  in  the  wind  is  utilized  in  the 
most  efficient  and  economical  manner.  The  purpose  of  this  chapter  is  to 
present  three  methodologies,  each  representing  a  differing  lead  time  to 
wind  machine  installation,  which  can  be  used  to  support  thi:.  coal.  These 
methodologies  link  a  broad  range  of  topics  from  resource  assessment  through 
engineering  economics  to  environmental  issues. 

It  became  apparent  early  in  this  study  that  more  than  one  methodology 
was  required.  An  essential  methodology  is  one  dealing  with  the  question 
of  which  Air  Force  base  or  operating  location  should  receive  the  first 
wind  machine  installation,  the  second,  and  so  forth  .without  regard  to 
outside  influences  such  as  politics  or  interest  or  funding  availability 
in  individual  commands.  The  authors  strongly  recommend  this  approach, 
presented  as  Methodology  I,  while  realizing  that  other  ractors  may  cause 
bases  to  be  considered  on  individual  merits  and  outside  the  constraints 
of  this  methodology.  The  individual  base  approach  is  presented  in 
Methodologies  II  and  III. 

i.  ASSUMPTIONS 

It  is  important  that  assumptions  used  in  all  three  methodologies  Ko 
i  !  e.'.rly  stated,  ana  understood  before  application  of  the  methodologies 
proceeds.  To  some  the  assumptions  may  appear  simplistic  and  unrealistic. 
However,  the  following  of  an  organized  methodology  is  far  more  important 
than  the  specific  tools  used  at  each  step.  As  the  step-specific  tools 
become  more  sophisticated,  they  will  simply  replace  those  in  current  use. 
Table  7  lists  each  general  assumption  with  accompanying  discussions. 

>.  METHODOLOGY  1  -  AN  URGANT  /.El)  USAF-NiDK  APPROACH 

This  methodology  is  a  U.SAF-wide  approach  resulting  in  a  rank  order  im 
a;’  bases  and  locations  from,  highest  ie  low.  t  >r  potent  1  a 1  '.or  wind 


resource  but  includes  economics,  environmental  and  institutional  factors. 
Figures  10  and  11  show  flow  charts  of  Methodology  I  and  Tables  8  and  9 
describe  the  individual  steps  and  loops,  respectively.  It  should  be  noted 
that  after  the  overall  rank  ordering  in  Step  6,  groups  of  "N"  bases  are 
then  considered  in  depth.  The  magnitude  of  "N"  depends  on  the  level  of 
and  time  scale  over  which  the  program  and  funding  proceed.  Realistically , 
"N"  might  equal  five  at  program  initiation. 

A.  METHODOLOGY  II  -  THE  INDIVIDUAL  BASE  APPROACH 

Methodology  II  assumes  that  one  specific  base  or  location  is  being 
singled  out  for  consideration  outside  of  and  separate  from  the  procedure 
of  Methodology  I.  In  addition.  Methodology  II  assumes  that  one  or  more 
vears  are  available  for  controlled  instrumentation  and  site  selection. 
Figure  12  is  a  flow  chart  of  Methodology  II  and  Table  10  describes  each 
individual  step. 

5.  METHODOLOGY  III  -  THE  INDIVIDUAL  BASE  APPROACH 

Methodology  III  is  similar  to  Methodology  II  except  that,  for  whatever 
reason,  a  decision  to  fund  and  install  a  wind  machine  at  a  particular  base 
is  nearly  final.  Therefore , the  1-to  2-year  period  for  instrumentation 
does  not  exist.  The  goal  in  this  case  is  to  do  a  rapid  and,  hopefully, 
■fficient  selection  of  sites  for  immediate  installation  of  wind  machines. 
Figure  13  shows  the  flow  of  Methodology  III  and  Table  11  describes  the 
individual  steps. 
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TABLE  7:  ASSUMPTIONS  USED  IN  METHODOLOGIES  1,  II,  AND  III 


Assumption 

Wind  "quantity"  is  more 
important  than  "quality". 


Wind  machines  selected  for 
Air  Force  applications  should 
be  fully  tested  by  other 
government  agencies. 

The  travelling  site  survey 
team  should  be  capable  of 
addressing  all  complex  wind 
power  issues. 


AM  power  generated  by  a 
wind  machines  is  used 


Electrical  powei  is  Lite 
standard  form  of  energy 
output . 


The  existing  wind  data  base 
i  •  ico.t'f  V.j  >  •_*  ‘  or  initial 
r a ! cu i a  t i nnn . 


Discussion 


The  quantity  of  wind,  reflected  as  a 
wind  frequency  distribution,  is  neces¬ 
sary  for  predicting  wind  turbine  power 
output.  Quality  of  the  wind  field, 
measured  by  such  factors  as  turbulence, 
will  surely  affect  machine  performance 
yet  is  not  presently  ir  •  aured  and 
available  for  most  loca  ,ons.  As  this 
information  becomes  available  and  wind 
machine  manufacturers  know  how  their 
product  responds  to  quality  factors, 
new  calculations  should  be  completed. 

Selected  wind  machines  should  have 
completed  thorough  DOE  testing. 

Power  output  curves  should  be  those 
generated  during  such  tests. 

Environmental  and  institutional 
issues  must  be  fully  understood  and 
the  team  must  be  able  to  competently 
deal  with  such  complex  topics. 

Techniques  of  physically  locating 
potential  sites  must  be  practiced 
and  applied. 

Questions  of  resale  of  wind  generated 
power  arc  not  considered.  1007  of  a!’ 
power  produced  by  wind  machines  is  used 
to  replace  that  normally  purchased  at 
comnercta!  rates. 

l.i  vet r  j <  a  i  vjw  production  is  t  m  rest 
c;iki  .n.  .  '  pet  and  is  the  >  ole 
form  considered  here .  Other  application 
of  wind  machines  are  encouraged* yet*  care 
should  i'i-  t  •. .  ;•<  :  ■  ■  a!  to  identify  the 
rorre<  t.  value  of  avrey  replaced  in 
such  cases. 

The  FSAF  Environmental  Technical  Appli¬ 
cation  (enter  wind  inf  o  mat  ion,  al  one 
with  arbor  data  bases,  arc  maintained 
at  or  v.-ail.-ble  on  request  through  the 
Air  Force  Engineering  and  Services 
Center.  While  this  information  was  nor 

>'  r  *'  >  '  1  1  *•  t-  ^  *"  -  v  •.,»  *  Ufi  V- 

;ui V  >»'*>*•  >  ,  Vt  •  ;  1  1.  .  v  r  M 


TABLE  8 

Seep  Number 
1 


DESCRIPTION  OF  FLOW  CHART  STEPS,  METHODOLOGY  I 

Description 

Using  national  maps  of  wind  potential 
in  watts/square  meter  at  a  height  of 
50  meters,  locate  bases  and  rank  order 
from  the  base  with  the  highest  wind 
potential  to  the  lowest.  This  step 
has  the  sole  purpose  of  supplying  a 
simple  (but  inaccurate)  starting  point 
for  the  methodology. 

Collect  wind  frequency  distribution 
information  on  each  base  in  the  order 
established  in  Step  1.  Most  bases, 
particularly  those  with  airfields,  have 
rather  extensive  data  bases  maintained 
by  government  agencies.  Much  of  this 
data  has  been  reduced  to  a  more  useable 
form  for  wind  power  calculations .  The 
most  important  piece  of  information  is 
the  long  term  record  of  wind -speed 
occurrences  which  leads  to  a  wind 
frequency  distribution.  If  base-specific 
information  is  not  available,  then  similar 
data  from  a  nearby  civilian  location  must 
be  used  but  with  much  lower  confidence. 


i 


29 


At  this  point,  the  wind  frequency 
distribution  should  be  described  by 
a  mathematical  function.  The  most 
commonly  used  is  the  well-known 
Weibull  distribution,  which  seems  t<* 
best  describe  an  actual  wind 
frequency  distribution.  iius  step 
is  necessary  so  that  t’.  actual  wind 
character is  - ics  can  be  used  in 
calculations  to  follow.  In  addition, 
the  number  of  kW- hr /square  meter  is 
calculated  at  this  point  and  each  time 
new  data  is  input  to  Step  2. 

Average  presei’t-day  costs  of  eonnere; ui 
energy  should  be  collected  for  each.  rase 
Emphasis  should  be  placed  upon  the  type 
of  energy  which  wind-  enc rated  enerrv 
will  repjace.  For  example ,  i f  the  wind 
machine  will  most  likely  be  of  the 
elec  tr  I  ti  genet  .ting  type,  the,:  the 
current  cost  oi  .  omnercia:  clectricitv 
in  -.-a  !  on'  1  no  '  •;  • 

should  '  !  !•  t  tel.  The  rur'VSc  e 

this  is  to  :nt reduce  the  effects 

el  ere—  - :  -  ••  i  'ho  earliest  possible 
Point  ir  cbe  ri.et  !•  'do  i  ogv  as  tilts  is  a 
rnose  j— err-nt  fa  •era  r  in  the  eventual 
efficient  ntilir.a!  ion  of  vi  nd-senc  re,  t  >.  e 


Description 

The  present  value  of  power  replaced  by 
wind -generated  power  is  calculated  here. 

No  particular  wind  machine  is  selected  but 
rather  all  of  the  energy  in  the  wind  is 
assumed  to  be  extractable  and  usable.  it 
is  common  knowledge  that  this  is  a  ridicu¬ 
lous  practical  assumption,  yet,  for  purposes 
of  early  rank  ordering  it  is  perfectly 
reasonable  in  that  wind  machine  dependence 
is  eliminated  and  all  bases  are  on  equal 
footing.  The  specific  calculation  here  is: 

2  2 

(kw-hr/meter~)  x  ($/kw-hr)  =  $/meter“ 


This  represents  the  value  to  the  user  of 
the  power  replaced  by  a  wind  machine 

havmu  a  l-s.mare  meter  rotor  area  if  that 
machine  could  extract  100  percent,  of  tin- 
energy  in  that  base-specific  wind  field. 
This  simple  calculation  provides  an 
economic  index  for  comparison. 


Using  the  results  of  Step  5,  all  bases 

are  re-rank  ordered  from  the  highest 

2 

value  of  power  replaced  ($/m~)  to  the 
lowest.  Lack  of  resource  or  energy  cost 
information  for  a  particular  base  should 
not  inhibit  continuation  of  the  methodology 
through  the  steps  to  follow.  Rather,  at 
some  regular  interval ,  Steps  2-6  should 
be  repeated  to  include  new  information 
and  to  add  those  bases  for  which  necessary 
data  was  not  previously  available.  Addi¬ 
tionally,  if  a  "special  situation"  is 
discovered  whereby  an  attractive  wind  po¬ 
tential  is  highly  likelv,  yet  not  supported 
by  the  data,  a  decision  to  instrument  such 
a  site  would  be  appropriate  here. 
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Number 

7 


Description 

An  arbitrary  n  umbel.  ("N")  l;i'  banes  can 
now  be  selected  for  more  intense  considera¬ 
tion.  Realistically,  this  number  may  well 
be  further  divided  into  worldwide  geographic 
regions  or  separated  by  major  air  commands. 
In  any  case,  offsite  preliminary  work  can 
commence.  Terrain  mans,  mission  information 
and  maps  of  physical  facilities  are  some  of 
the  tools  whicli  might  in.  ate  if  wind  ma¬ 
chines  are  even  possible  at  a  particular 
location.  Wind  machine  energy  production 
can  also  be  estimated  for  the  site.  If  the 
location  still  looks  promising,  it  is  time 
for  a  siting  team  to  visit.  The  specific- 
tasks  of  the  team  are  dealt  with  in  a 
separate  section  of  this  report,  vet  it  must 
be  said  here  that  the  tear's  general  -barter 
will  be  to  confirm  or  refute  the  -ft's it- 
calculations.  Perhaps  even  more  ira«ortuf  . 
the  team  will  determine  1 r  there  a-o 
serious  farriers  to  wind  machine  inst  a  1  ' •  i . 
and  if  mere  potential  might  re  available 
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Step  Number 


9 


10 


11 


Description 

When  a  base  is  discarded  as  described 
in  Step  8,  the  next  base  in  the  rank 
ordering  takes  its  place  and  the 
previously  ranked  "N+l"  base  is  moved 
to  the  ,Nth  position.  This  action 
takes  place  through  the  exercising  of 
hoop  2  and  insures  that  "N"  bases  are 
always  under  serious  consideration  as 
candidate  sites. 

For  each  of  the  top  "N"  locations, 

Lhe  most  suitable  wind  machine  is 
selected  to  match  the  wind  resource. 
Necessarily,  the  subject  machines 
should  be  those  recommended  after 
extensive  product  testing. 

Standard  techniques  of  engineering 
economics  are  applied  to  each  base/ 
machine  combination  in  this  step. 

The  particulars  of  the  economics 
should  be  those  presently  in  use  for 
such  studies  and  should  include  re¬ 
quired  parameters  used  in  federally 
funded  projects.  The  "bottom  line" 
should  be  some  common  measure  such 
as  years-to- simple-payback  by  which 
the  top  "N"  bases  can  be  compared. 
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Description 


A  discard  based  upon  results  of  the  Step  1  ! 
economic  study  is  applied  here.  In  a  fash¬ 
ion  similar  to  Loop  2,  Loop  3  is  exercised 
leading  to  the  addition  of  the  "N+l"  base 
bringing  the  total  number  of  serious  can¬ 
didate  sites  back  to  the  "N"  level .  An 
example  of  a  base  discarded  at  this  "o'-w 
would  be  cne  having  a  low  -verage  wind 
speed  (wind  speed  distribi  i on  skewed 

toward  low  speeds)  but  high  commercial 

2 

power  costs  (high  $/ra~)  resulting  in  a  hi -:-h 
rank  order.  However,  when  m  existing  wind 
machine  is  added  to  the  picture,  the  result 
might  be  an  extremelv  long  payback  since  ■< 
machine  might  not  exist  which  can  extract 
power  from  such  low  speed  winds.  As  in 
previous  discards,  this  base  would  not  he 
dropped  from  consideration  completely.  It 
would  continue  to  reantiear  for  consider  it  i.m 
each  time  Loop  1  is  exercised  and  might 
eventually  be  paired  with  a  machine  tVaf 
could  extract  rKit  site's  energy. 

based  upiV  e  .  -.d  •'  s  ,ir  '  h-  S'  on  1  ' 

nomi<  .Si-  ,  :  >u-  ton  L  ises  arc  no* 

rank  .>r  :  ;-t  :  fro:':  1  'west  to  highest  pay¬ 
back  factor  wV-r-  • 

Pavnac-c.  Factor  -  Years-t  o-Pavbac  •: 

;  be  ref  o’  I  n  !  v  1 

Knv l runner t  1  a-;  -;men:  x  -Louie  lc  cot.- 

n  eteri  )  ,  •  .  !  L.  ;  :•  ,Ses 

deemea  i  prooi:  1. >  .  a  » ’>  i  >  munt.  Thin  i. 
a  critical  area  which  can  .-.top  a  wind 


Following  favorable  completion  of  the 
Step  14  environmental  assessments,  site- 
specific  wind  instrumentation  is  selected 
and  installed  at  as  many  of  the  "N"  bases 
as  is  deemed  appropriate.  The  instrumen¬ 
tation  should  remain  in  place  for  a  minimum 
period  of  1  year.  During,  and  in  particu¬ 
lar  following  this  collection  period.  Loop  4 
is  continually  being  exercised  to  update 
the  economic  studies.  Care  must  be  taken 
to  use  the  most  current  economic  parameters. 
There  well  may  be  "special  situation"  bases 
not  appearing  in  the  top  "N"  but  which 
should  be  instrumented  early.  An  example 
might  be  a  base  with  a  marginal  resource 
from  airfield  wind  records,  vet  having  com¬ 
plex  terrain  which  indicates  a  strong  poten¬ 
tial.  Delays  associated  with  waiting  for 
this  base  to  naturally  appear  in  the 
ranking  added  to  the  1-year  instrumentation 
period  could  produce  a  lost  opportunity. 
Therefore,  flexibility  should  be  the  key 
to  instrumentation  decisions. 

After  this  cycle  through  Loop  4,  a 
decision  to  fund  wind  machine  installation 
at  one  or  more  of  the  top  "N"  bases  can 
be  made. 

Funding  results  in  subsequent  machine 
installation. 


Seep  Number 
18 


Description 


i 

i 

; 


The  methodology  may  or  may  not  be 
complete  at  this  point.  if  all  "N" 
bases  have  received  a  predetermined 
maximum  number  of  wind  machines,  then 
a  return  to  Step  2  would  be  in  order 
with  the  previously  considered  "N" 
bases  removed  from  the  rank  ordering . 

If  all  bases  have  received  consideration 
and/or  machine  installations  to  a  f one ' 1 e 
maximum,  then  the  entire  program  is  com¬ 
plete  and  the  ^et’  'do lor.v  terminates  in 
Step  19. 
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TABLE  y :  DESCRIPTION  OF  FLOW  CHART  LOOPS,  METHODOLOGY  I 


Loop  Number  Description 

1  Loop  Number  1  is  designed  to  provide  a 

continuing  update  of  the  rank  ordering 
done  in  Step  6.  New  wind  frequency  data 
and/or  unpredictable  commercial  energy 
cost  escalations  will  change  the  rank 
ordering.  The  Step  6  ordering  should 
always  be  based  upon  the  best  and  most 
current  data,  for  it  is  from  this  list 
that  the  second  "N",  third  "N",  etc. 
bases  are  chosen.  This  loop  should  be 
exercised  no  less  frequently  than  annually. 

2,3  Both  Loops  2  and  3  serve  the  same 

purpose;  that  of  keeping  the  list  of 
"N"  most  promising  candidate  bases 
filled  to  the  level  "N"  following  dis¬ 
cards  for  rtc.ons  of  insurmountable 
institutional  obstacles  or  poor  eco¬ 
nomic  indicators.  These  two  loops  art- 
exercised  any  time  a  base  is  discarded. 

A  Loop  A  provides  a  continuing  cycle 

within  the  "N"  selected  bases  and 
allows  for  updated  economic  studies 
when  wind  data  from  newly  installed 
instrumentation  predicts  a  power  po¬ 
tential  differing  from  that  estimated 
earlier.  This  loop  would  be  exercised 
after  1  year  of  wind  data  collection 
at  each  base.  The  economic  analyses  of 
Step  11  will  be  updated  to  reflect  the 
most  current  wind  machine  performance 
models. 
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TABLE  10*  DESCRIPTION  OF  FLOW  CHART  STEPS,  METHODOLOGY  II 


Step  Number 
1 


Description 

Collect  wind  frequency  distribution 
information  on  the  base.  (See  Step  2, 
Methodology  I) 


(See  Step  3,  Methodology  I) 


3 


(See  Step  4,  Methodology  1) 


4  Based  upon  the  expected  use  of  the  wind - 

generated  power  and  the  estimated  machine 
size  and  type,  pick  one  or  more  machines 
for  consideration.  Secure  power  output 
curves  for  each  of  the  selected  machines. 
(See  Step  10,  Methodology  I) 

5  Apply  standard  techniques  of  engineering 

economics.  (See  Step  11,  Methodology  I) 

6  A  travelling  team  of  siting  experts  travels 

to  the  base  in  question.  Specific  team 
tasks  are  dealt  with  in  a  separate  section 
of  this  report,  yet  the  most  important 
task  will  be  to  investigate  any  serious 
barriers  to  wind  machine  installation 

and  to  determine  if  more  potential 

might  be  available  through  careful  siting 

than  was  predicted  by  offsite  calculations. 
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Step  Number 
7 


8 


9 


Description 

Sites  (as  determined  by  the 
travelling  team)  with  estimated 
potential  equal  to  or  greater  than 
predicted  by  offsite  calculations, 
are  instrumented.  Instrumentation 
periods  should  equal  or  exceed  one 
year.  As  site-specific  data  is 
obtained,  Steps  2-6  are  xcrcised 
as  required  and  until  economic- 
conditions  become  favorable  for 
wind  machine  installation. 

If  Steps  2-6  indicate  wind  machine 
installations  are  viable  alternative 
the  base  environmental  coordinator 
initiates  an  environmental  analysis 
process.  Depending  on  the  extent  of 
the  est imated  socioeconomic  impacts, 
this  step  may  end  with  an  assessment 
or  be  elevated  to  a  higher  level,  if 
an  in-depth  Environmental  Impact 
Statement  is  required. 

Based  upon  favorable  findings  from 
Steps  5,  6,  and  H ,  a  decision  is  mad 
to  fund  the  wind  machine  project. 
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Wind  machine  is)  installed. 


TABLE  11: 


DESCRIPTION  OF  FLOW  CHART  STEPa,  METHDix 'L' >0 


S tep  Number 
1-5 

6 


Descript  ion 

(See  Steps  1-5,  Methodology  II) 

Same  as  Methodology 1 I  except  tb.v 
the  travelling  team  directs  its 
efforts  toward  the  immedi  ' 
answers  n eccssarv  ror  a  raj 
decision  on  whether  to  employ 
wind  power.  This  should  he  a 
comprehensive  visit,  well  planned 
in  advance,  so  that  key  base 
personnel  are  present.  Sine 
long-term  instrumentation  vU  l 
not  be  employed ,  team  members 
must  determine  the  optimum 
from  limited  available  data. 

Sites  selected  are  for  wind  machines 
and  not  for  i  ns  t  rumor.'.  se¬ 

lected  iri'.o(s)  sho-'d  have  oest 
pcss ih  1  e  p t  era  ■  ■ '  . 


,  Me  !  redo  I  o,;y  lL> 


H-JO 


(See  Steps  d- ,0 


6.  INTRODUCTION  TO  EXAMPLES  OF  METHODOLOGIES  I,  II,  AND  III 


Examples  using  Methodologies  I,  II,  and  III  are  presented  in  this 
section.  Tables  12,  13,  and  14  are  keyed  to  the  flow  charts  and  tables 
of  the  previous  sections  and  show  results  using  the  three  methodologies. 

The  USAF  Academy  and  Vandenberg  AFB  are  the  only  bases  used  in  the 
examples,  since  these  are  the  only  two  locations  for  which  more  or  less 
complete  wind  site  surveying  results  exist.  Due  to  the  limited  number 
of  bases  considered,  the  overall  impact  of  Methodology  I  is  lessened, 
yer.it  is  particularly  important  to  notice  the  switch  in  rank  ordering 
that  occurs  from  Steps  1  to  6.  The  better  wind  resource  at  the  USAF 
Academy  is  overshadowed  by  the  simple  economics  introduced  in  Steps 
4  and  5  resulting  in  Vandenberg  AFB  taking  over  the  number  one  ranking. 
Vandenberg  AFB  becomes  even  more  firmly  entrenched  in  the  number  one 
position  (Step  13)  following  the  more  detailed  economics  used  in  Step  11. 

The  Methodology  II  and  III  examples  are  keyed  to  Vandenberg  AFB, 
since  this  base  was  actually  surveyed  using  these  two  methodologies. 

The  examples  shown  differ  only  in  the  recommendations  to  instrument  in 
the  case  of  Methodology  II  and  to  install  a  wind  machine  in  Methodology 
ii : . 
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SECTION  IV 


SOKE  WIND  SITE  SURVEYING  TOOLS 

1.  THE  WIND  SITE  SURVEY  TEAM 

The  wind  site  survey  team  described  in  general  terms  in  Steps  7  and  6, 
Methodologies  I,  II,  and  III,  respectively ,  is  a  key  element  of  the  siting 
approach  developed  in  this  report.  It  is  absolutely  essential  that  the 
three  methodologies  be  supported  by  individuals  highly  trained  in  siting 
procedures.  The  team  envisioned  here  is  comprised  of  three  individuals 
whose  titles  and  duties  are  described  in  Table  15.  A  typical  insite 
inspection  is  expected  to  take  from  2  to  5  days,  depending  upon 
local  base  support  and  the  level  of  geographic  and  environmental 
complications  encountered. 

A  Lest  of  this  team  concept  was  accomplished  between 
27-29  July  1980  at  Vandenberg  AFB  by  USAFA  personnel.  Several  weeks  of 
preparation  preceded  the  onsite  inspection.  Calculations  were  completed 
which  theoretically  linked  specific  wind  machines  to  the  Vandenberg  wind 
field  and  resulted  in  prediction  of  power  output.  Economic  studies  leading 
to  vears-to-simple-payback  were  also  completed.  With  this  information  in 
hand,  the  siting  team  traveled  to  Vandenberg  AFB  and  spent  1  entire  day 
in  meetings  with  key  base  personnel  and  in  physical  site  inspections.  The 
following  day  concluded  with  an  out-briefing  ending  in  recommendations  for 
continued  studies  and  actions  by  base  personnel  which  would  lead  to  an 
organized  wind  program  for  that  base. 

2.  TALA  VERTICAL  PROFILING  PROCEDURE 

The  purpose  of  vertical  profiling  is  to  gain  some  understanding  of  the 
wind  field  in  the  vertical  plane  over  some  site  of  interest.  Vertical 
profiling  with  a  single  TALA  system  has  the  major  limitation  that  the  wind 
field  changes  with  time  as  the  profile  is  taken  and  the  results  represent 
one  data  point  in  a  phenomena  changing  with  time  of  day,  season,  etc.  In 
order  to  minimize  errors  associated  with  this  problem,  special  steps  must 
he  employed.  The  general  idea  is  to  take  enough  time  at  each  altitude  to 
get  an  accurate  time  average,  yet  not  so  much  time  that  continuity  in  the 
wind  field  is  lost.  Convenient  and  recommended  reel  counts  are  75,  150, 
300,  600,  1200  and  2400,  which  yields  a  profile  from  about  20  to  220  meters 
above  the  selected  site.  Each  reading  at  a  specific  reel  count  takes  about 
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TABLF  i:  WIND  SITE  SURVEY  TEAM  COMPOSITION 
RESPONSIBILITIES  AND  DUTIES 


Team  Member 
Team  Chief 


Wind  Characteristics 
Specialist 


Responsibilities  and  Duties 

1.  Responsible  for  coordinating  the 
overall  siting  procedure. 

2.  Supervises  the  actions  of  the  other 
two  team  members. 

3.  Assists  the  other  team  numbers  as 


necessary. 


1.  Performs  previsit  calculations 
involving  the  wind  field  and 
specific  wind  machines. 

2.  Prospects  for  potential  high 
energy  density  sites. 

3.  Inspects  existing  instrumentation; 
recommends  new  recording  devices 
and  their  locations. 


Institutional /Environmental 
Issues  Specialist 


1.  Performs  pro visit  data  gathering 
function  on  possible  institutional/ 
environmental  problems. 

2.  Performs  provisit  economic  caicu- 
1  at  ions . 

3.  Moots  wirh  appropriate  base  personnel 
and  local  community  representatives 
on  the  broad  range  of  issues  in  his 
area  of  responsibility. 

4.  Determines  which,  if  any,  issues  will 
require  further  study  or  will  preclude 
wind  machine  installations. 


five  minutes  for  a  total  of  30  minutes  for  the  entire  profile.  Since  the 
kite  is  already  at  the  maximum  altitude  at  this  point,  it  is  recommended 
that  a  second  set  of  readings  be  taken  at  these  same  altitudes  as  the 
kite  is  reeled  in. 

The  vertical  profiling  procedure  used  at  USAFA  is  listed  in  Table  16. 
Specific  information  regarding  operation  of  TALA  is  found  in  (6).  Readings 
are  spoken  into  a  tape  recorder  for  a  one-person  operation  or  can  be  written 
on  the  form  shown  in  Figure  14  if  a  second  person  is  involved.  The  pro¬ 
cedure  is  designed  for  profiling  over  a  ridge  line  where  readings  include 
inclination  of  the  ridge  crest  at  each  kite  altitude.  Over  flat  terrain, 
rid,.-  .>  t  rn^iina  ion  is  simply  input  as  zero.  Data  is  then  reduced  to 
t ho  form  of  the  Appendix  A  figures  using  Computer  Program  KITPLT  of 
Appendix  ii. 

3.  FIXED  INSTRUMENTATION 

The  TALA  system  just  described  has  a  limitation  that  wind  data  cannot 
be  recorded  over  long  periods  of  time.  In  addition,  using  only  one  kite 
to  take  a  vertical  profile  introduces  uncertainty  since  the  time  at  each 
recording  level  is  different.  Nevertheless,  TALA  is  a  low  cost  method 
of  obtaining  an  estimate  of  vertical  shear, yet  it  should  not  replace 
continuous  recordings. 

Experience  gained  from  the  USAFA  Wind  Site  Survey  can  be  used  to 
determine  the  specifications  of  fixed  instrumentation  for  other  USAF 
locations  in  support  of  the  three  proposed  methodologies.  While  the 
equipment  installed  at  the  three  USAFA  sites  has  performed  well,  the 
data  set  is  not  complete  and  was  time  consuming  to  access  and  reduce. 

A  set  of  general  specifications  for  a  standard  wind  recording  device 
to  support  the  three  methodologies  is  described  in  Table  17.  The  thrust 
of  the  specifications  is  measurement  of  wind  "quantity"  (frequency  dis¬ 
tribution)  rather  than  "quality"  (turbulence  intensity,  gustiness,  etc.). 
"Quantity"  measurements  are  critical  for  resource  assessment  but  that  is 
not  to  say  that  "quality"  measurements  are  never  necessary.  Once  a  base 
is  selected  as  a  candidate  for  a  machine  installation,  "quality"  measure¬ 
ments  will  be  a  necessary  input  to  the  selection  of  a  particular  machine. 
Such  measurements  are  outside  the  scope  of  this  report.  The  listed  speci¬ 
fications  are  ambitious  and  require  storage  of  large  data  sets.  However, 
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TABLE  16:  TALA  VERTICAL  PROFILING  PROCEDURE 


1.  Assemble  reel  and  handle. 

2.  Calibrate  measuring  tube  as  described  in  the  owner's  manual. 

3.  Remove  barometer  and  thermometer  from  carrying  case  and  place 
in  a  sheltered  location.  Record  temperature  and  pressure 
altitude . 

4.  Read  fixed  instrumentation  if  flying  over  such  a  site. 

5.  Launch  kite  to  the  first  reel  count  and  directly  over  the 
selected  site. 

6.  Record  start  time  of  the  test. 

7.  Record  inclination  of  the  ridgecrest. 

8.  Record  inclination  to  the  kite  and  wind  direction. 

9.  Record  wind  speed  10  times  with  each  reading  spaced  by 
15  seconds. 

10.  Repeat  steps  8  and  9  one  more  time  for  a  total  of  20  wind 
speed  readings. 

11.  Record  inclination  to  the  kite  and  wind  direction. 

12.  Increase  reel  count  for  the  next  set  of  readings. 

13.  Return  to  step  7  and  repeat  steps  7-12  until  the  profile 
is  complete. 

14.  Reel  in  the  kite,  again  repeating  steps  7-12  but  now  at 
decreasing  reel  counts. 

15.  Take  final  reading  of  fixed  instrumentation  if  applicable. 

16.  Reduce  data  on  a  desktop  computer  or  plot  bv  hand. 


Location 
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Figure  14.  Form  for  Recording 

Vertical  Profiling  Data 


53 


TABLE  17:  PROPOSED  WIND  RECORDER  SPECIFICATIONS 


1.  Wind  speed  sampled  at  10  meters  and  30  meters 
on  a  30-meter  tower. 

2.  Sampled  wind  speed  placed  in  1  mph  bins  at 

1  -second  intervals. 

3.  Sampling  grouped  as  a  frequency  distribution 
covering  a  1  —  hour  period  resulting  in 

24  distributions  for  each  of  the  two  recoro  ng 
levels . 

4.  48  frequency  distributions  read  to  memory 
monthly. 

5.  As  much  data  reduction  as  possible  should  be 
carried  on  internal  to  the  recorder  provided 
the  character  of  the  raw  data  is  not  destroyed 
or  becomes  dependent  on  a  specific  wind  machine. 

6.  Capable  of  self-contained,  unattended  operation 
in  severe  climatic  environments  for  periods 
exceeding  1  month. 


they  can  always  be  relaxed  ac  some  future  date,  provided  convincing  arguments 
are  made  which  support  reduction  in  data  necessary  to  perform  the  proposed 
methodologies. 

4.  ECONOMIC  ANALYSIS 

a.  Introduction 

It  is  essential  that  wind  power  be  shown  to  be  economically  competi¬ 
tive  with  other  forms  of  energy.  There  is  no  one  currently  accepted  method 
oi  evaluating  the  economics  of  a  wind  machine  installation.  Recent  economic 
studies  have  ranged  from  a  very  basic  approach  to  elaborate  methods  of  life 
cycle  costing  which  employ  statistical  analysis.  The  major  differences 
appear  to  be  in  the  assumptions  made  and  the  number  of  variables  which  are 
included  in  the  analysis.  For  our  methodologies,  some  simplifying  assump¬ 
tions  were  made  and  two  contrasting  analysis  techniques  were  used. 

b.  General  Assumptions 

The  following  assumptions  were  applied  to  both  economic  analysis 

methods : 

(1)  All  costs  are  in  1980  dollars. 

(2)  Depreciation,  insurance  and  overhead  are  not  siginificant 
and  will  not  be  considered. 

(3)  No  federal  or  state  tax  credits  are  applicable. 

(4)  System  life  is  the  duration  specified  by  the 
manufacturer. 

(5)  Discount  rate  (cost  of  money)  is  10  percent. 

(6)  All  power  produced  will  be  used  onsite  with  no 
sell-back  to  a  utility  company. 

(7)  Operations  and  maintenance  costs  are  fixed  and 
represent  a  total  annual  cost  of  2  1/2  percent  ol  initial 
system  cost. 

(8)  Computer  program  documented  in  Section  IV, 6  and 
listed  in  Appendix  B  are  used  to  estimate  wind 
machine  energy  production. 


55 


Approximate  Method 


This  analysis  method  (7)  considers  the  total  annual  fixed  costs 
(discount  rate  =  10",,  operations  and  maintenance  =  d  1/2%)  as  a  percentage 
of  the  system's  initial  cost.  The  annual  value  (AV)  is  the  amount  of 
power  produced  by  a  wind  machine  multiplied  by  the  current  cost  of  conven¬ 
tional  power.  A  capital  recovery  factor  (CRF)  is  used  to  determine  years- 

to-simple-payback.  The  CRF  is  computed  as:  _  _ AV  _ 

Total  System  Cost 

The  interest  rate  for  the  CRF  is  taken  as  the  difference  of  the  annual  fixe 

costs,  expressed  as  percent  of  system  cost,  and  the  utility  escalation  rate 

which  for  the  present  analyses  becomes  1/2%.  The  payback  period  is  found  bv 

using  a  conventional  compound  interest  for  1/2%  and  is  equal  to  "n"  (number 

of  years)  under  the  CRF  factor.  For  comparing  alternative  machines  with 

different  system  lives,  a  payback  factor  (PF)  can  be  used  where, 

pp  -  years- to- simple- payback 
system  life 

and  the  machine  with  the  lowest  PF  is  the  most  economically  attractive. 

Although  this  technique  is  very  simple,  it  seems  to  be  appropriate 
when  dealing  with  unproven  variables  such  as  machine  life,  maintenance  cos:, 
utility  escalation,  and  general  inflation.  Some  large  utilities  use  a 
similar  approach  of  computing  an  equivalent  levelized  annual  cost  when 
'perating  in  an  uncertain  environment.  Table  4  illustrates  this  method 
in  comparing  two  machines  for  potential  installation  at  the  United  States 
Force  Aouihriy. 

d.  Air  Force  Method 

This  analysis  method  (8)  is  for  a  project  which  falls  under 
i,c  Knergy  Conservation  Investment  Program  (ECIP)  of  the  Military  Const  re.  - 
tion  Program  (MCP).  Although  it  was  intended  primarily  for  retrofit  proj- 
:  involving  alternate  fuel  sources,  it  is  the  method  wliieii  woull  pro!  an  I 

u-'-d  as  justification  for  possible  funding. 

There  are  several  differences  from  the  approximate  method .  F>  s 
: airitenance  costs  (labor  and  material)  must  be  estimated.  \s  expressed 
■  : .  ,  win.  machine  re]  i.iiji  i !  v  anb  m.a  i  at  on.  ■  n  n>  qu  i  rem  m  '  :  < 

i'll  >  •  oi  >  wind  machine  i  nst  a  J  1  i !  i  >  •  >n  i  t  vpi  ,  a  !  1  i.nir.i-  *. 


work  force  can  only  be  guessed.  Next,  a  utility  escalation  rate  is  used  to 
compute  the  benefit/cost  ratio,  but  is  not  used  to  calculate  the  payback 
period.  This  results  in  much  longer  payback  periods  which  tend  to  exceed 
the  system  life  and  make  wind  machines  appear  economically  noncompetitive. 
A  final  major  difference  is  that  this  method  requires  computation  of  an 
energy/cost  ratio  which  must  exceed  a  specified  value  (20  for  FY  81)  in 
order  to  be  approved.  This  is  often  difficult  to  achieve  with  a  new  wind 
machine  installation.  Tables  5  and  6  illustrate  this  method  for  the  same 
wind  machines  considered  with  the  Approximate  Method. 

The  two  methods  presented  are  almost  extremes.  The  Approximate 
Method  can  be  considered  optimistic  and  the  Air  Force  method  extremely 
conservative.  As  such,  the  true  payback  period  is  probably  bracketed  when 
using  the  two  methods. 

a.  INSTITUTIONAL  ISSUES 

a.  Introduction 

Along  with  the  review  of  technical  wind  characteristic  data,  many 
other  issues  must  be  addressed  before  a  wind  machine  is  installed.  This 
section  discusses  some  of  t ho  common  nontechnical  areas  which  should  be 
evaluated  during  a  base  survey.  Table  18  lists  these  primary  institutional 
issues . 


TABLE  lb:  INSTITUTIONAL  ISSUES  INVOLVED  IN  WIND  MACHINE  SITING 


Natural 
Floral /Fauna 
Noise 

Historical  Sites 


socioeconomic 
Visual  Impact 
Public  Concern 
Zoning 
Safety 


Other 

Electromagnetic  Interference 
Airfield  Clear  Zones 
FAA  Coordination 
Utility  Interface 


b.  Environmental  Impact 

The  National  Environmental  Policy  Act  of  1969  requires  that,  before 
any  federal  action  is  taken  which  could  affect  the  natural  or  socioeconomic 
environment,  the  action's  impact  must  be  fully  assessed.  In  the  Air  Force, 
environmental  assessment  ranges  from  a  brief  informal  review  to  an  extensive 
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j-pncL  statement.  In  every  case,  a  proposed  action's  environmental 
assessment  ends  with  either  a  negative  determination  at  some  level  of 
teview  or  progresses  until  a  Final  Environmental  Impact  Statement  is 
published  at  the  Congressional  level. 

At  a  specific  Air  Force  base,  the  environmental  review  begins 
with  the  Base  Environmental  Planner  preparing  an  environmental  assessment 
(EA)  according  to  AFR  19-1  and  AFR  19-2.  In  most  cases,  the  EA  is  then 
reviewed  at  major  air  command  level  where  it  is  given  a  negative  determi¬ 
nation  or  elevated  to  a  Candidate  Environmental  Impact  Str  -nent. 

The  base  Environmental  Planner  should  also  initiate  action  for  A-95 
clearinghouse  coordination  so  that  other  agencies  surrounding  the  base  arc 
aware  of  the  proposed  wind  machine  installation  and  have  the  opportunity 
to  comment. 

If  a  proposed  installation  is  of  large  scope,  such  as  a  wind  farm, 
or  if  environmental  impact  is  evident,  the  use  of  the  Environmental  Techni¬ 
cal  Information  System  (ET1S)  may  assist  greatly  in  the  assessment  proves  . 
The  ETIS  computerized  system,  along  with  the  site-specific  inputs,  can 
produce  a  complete  assessment  in  a  short  period  of  time. 
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Maryland,  is  the  DOD  center  for  problems  pertaining  to  electromagnetic 
interference.  They  are  working  to  evaluate  elec tromagnetic  interference 
caused  by  wind  machines. 

(3)  Airfield  Clear  Zones 

The  Base  Siting  specialist  must  carefully  check  a  proposed 
wind  machine  site  to  insure  that  Clear  Zone  criteria  are  met.  This  is 
more  of  a  concern  for  large  wind  machines  with  hub  heights  greater  than 
ice  .  Coordination  wiLh  local  FAA  officials  will  also  be  necessary. 

Any  local  zoning  restrictions,  as  with  government  leased  land,  must  also 
be  considered. 

(4)  Flora/Fauna 

Impacts  on  vegetation  and  animal  life  must  be  assessed.  Of 
particular  concern  is  the  presence  of  endangered  species  which  could 
restrict  wind  machine  siting. 

(5)  historical  Sites 

The  Historic  Preservation  Act  of  1966  protects  historic  sites 
t rom  modification.  Though  not  a  problem  for  most  bases,  Vandenberg  AFB, 
for  example,  iias  over  400  reported  archaeological  sites  which  cannot  be 
disturbed.  This  factor,  as  with  endangered  species,  can  further  limit 
wind  machine  siting  on  federal  installations. 

(6)  Utility  Interface 

If  a  wind  machine  (or  machines)  is  to  be  tied  into  the 
existing  utility  grid,  a  formal  agreement  with  the  supplying  utility 
company  must  he  obtained.  Items  such  as  connection  charge,  back-feed 
protect  ion,  and  sell-hack  rate  structure  must  be  resolved.  It  should  be 
noted  that  poor  site  selection  could  result  in  power  more  costly  than  from 
conventional  sources,  if  the  demand  rate  increases  and  a  low  selJ-back  rat< 
results  from  the  grid  connection.  Such  an  instance  might  be  a  facility 
requiring  backup  power  24  hours  per  day  and  operational  for  only  8  hours 
with  much  of  the  wind  power  fed  into  the  utility  network.  The  end  use  of 
tlie  wind  machine  Installation  is,  therefore,  a  most  important  decision. 


(7)  Public  Concern 


Most  of  the  reaction  to  wind  machines  lias  been  positive.  Peop! 
recognize  the  need  for  alternatives  to  fossil  fuels  and  in  general  voice 
no  objection  to  wind  machines, with  the  possible  exception  of  noise.  Safety 
is  also  of  primary  concern  in  any  energy -producing  process  and  product 
testing  actively  underway  by  Rocky  Flats,  DOE,  and  other  agencies  will 
hopefully  address  this  question. 

6.  DESKTOP  COMPUTER  PROGRAMS 

a.  Introduction 

The  desktop  computer  programs  described  in  this  section  are  designed 
to  support  the  methodologies  of  Section  111.  Programs  are  described  here 
program  listings  and  sample  outputs  are  shown  in  Appendix  B.  All  programs 
are  written  in  BASIC  language  and  listings  shown  are  peculiar  to  the  HP  85 
desktop  computer.  Similar  programs  are  available  for  the  HP  9830,  HP  9831, 
HP  9835  and  can  be  easily  adapted  to  the  HP  System  45.  Users  should  have 
the  appropriate  computer  manuals  at  hand  when  running  these  programs. 

b.  PROGRAM  "CKF.TAC" 

fne  Weibull  distribution  is  frequently  used  to  model  actual  wind 
-.peed  frequency  distributions.  Use  of  such  a  model  allows  a  lengthy  data 
set  tu  be  described  by  two  parameters,  c  and  k,  where  e  is  called  the 
-.ale  factor  and  k  the  shape  factor.  A  probabil itv  density  function, 

:>(V),  can  be  defined  as  the  probability  per  unit  speed  interval  at 

k  - 1 

n(V)clV  (  k/e  )  (V/c  1  ‘  ey.r>  ,  -  (  ,'c  )  <et- 

The  cumulative  probability  function  or  wind  speed  duration  curve  is 

p(V<Vv)  =  /Xp(V)dV  =  1  -  exp  1 - (V  /c) R ] . 

(  1 

-m  Ii.es  of  e  and  k  are  estimated  using  an  luu  i  ,  mu’  sneeJ  distribu¬ 
tion  summary,  in  this  case  one  provided  uy  the  CHAV  Environmental  1echnie.il 
'•pel  ic.it  ions  Center  (ETAC)  ,  in  I  ,i  In-sl  least  ••tares  fit  procedure  describe  d 


manually  or  read  from  Cape.  If  input  manually,  the  program  will  allow  the 
operator  to  store  the  data  to  preclude  having  to  reinput  the  data  if  more 
calculations  are  needed  later.  The  program  requires  a  number  of  occurrences 
for  each  wind  speed  measured  in  knots.  It  computes  average  wind  speed  and 
the  Weibull  constants,  c  and  k,  starting  at  1  knot  and  continuing  to 
4b  knots  or  the  highest  velocity  for  which  an  occurrence  has  been 
observed.  The  operator  has  the  option  of  changing  these  limits  to  get 
a  better  fit  of  the  distribution  to  the  actual  data.  Video  displays 
and  hardcopies  of  percent  time  at  speed  and  percent  time  above  speed 
are  produced , along  with  correlation  coefficients. 

Input:  IF  INPUT  MANUALLY  - 

Data  location  (where  data  was  collected) 

Period  of  data  (when  it  was  collected) 

Number  of  occurrences  for  velocities  from  0  to  45  kts 
Name  of  data  storage  file  (if  required) 

IF  INPUT  FROM  TAPE  - 
The  name  of  the  data  file 

IF  c  AND  k  ARE  KNOWN 
c  (mph)  ,  k 

Output : 

Average  wind  speed 
c  (mph)  ,  k 

Mean,  standard  deviation  and  correlation  coefficients 
tor  Weibull  curve  fit 

Hardcopy : 

Tables  of  speeds,  number  of  occurrences,  percent 
time  at  and  above  speed 

Average  wind  speed  (mph  and  knots) 

Wind  speed  range  for  Weibull  fit 

Mean,  standard  deviation  and  correlation  coefficients 
for  Weibull  curve  fit 

Graphs  of  percent  time  at  and  above  speed 
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l .  PROGRAM  "CKCOMP" 

This  program  computes  the  Weibull  parameters,  c  and  k,  as  describe 
from  Program  "CKETAC",  using  occurrences  from  a  wind  speed  compilator. 

The  compilator  supplies  data  from  eight  different  wind  directions  in 
32  2-mile  per  hour  increments  from  0  to  64  miles  per  hour.  The 

program  computes  c  and  k  from  15  to  63  mph  or  the  highest  speed  for  which 
an  occurrence  has  been  observed.  Graphs  with  the  actual  data  points  and 
with  the  curve  defined  by  the  Weibull  constants  are  plotted  to  help  the 
operator  to  decide  on  the  quality  of  the  fit.  It  is  possible  to  compute 
c  and  k  for  limits  other  than  15  to  63  mph  by  inputing  dif,  'ent  limits 
when  cued  by  the  program. 

Input:  IF  INPUT  MANUALLY  - 

Data  location 
Period  of  data 

Number  of  occurrences  for  eight  directions  and  2  mph 
increments 

Name  of  data  storage  file  (if  required) 

IF  INPUT  FROM  TAPE  - 
The  name  of  the  data  file 

IF  c  AND  k  ARE  KNOWN  - 
c  (mph)  ,  k 

Output : 

Same  as  "CKETAC 

Hardcopy : 

Same  as  "CKETAC" :  EXCEPT  the  units  on  the  wind  speeds 
between  which  c  and  k  are  computed  will  be  miles  per  hour 


d.  PROGRAM  "WEIPOW" 

This  program  computes  the  total  power  density,  in  watts  per  square 
meter,  available  in  a  wind  speed  distribution  described  by  Weibull  para¬ 
meters  c  and  k.  The  power  density  calculated  is  not  that  expected  from  a 
wind  machine, but  rather  that  available  in  the  wind  if  100%  could  be  ex¬ 
tracted.  The  Weibull  probability  is  calculated  for  each  wind  speed, 
multiplied  by  that  wind  speed  cubed,  and  then  converted  to  the  proper 
units  and  summed. 

Input : 

Weibull  constants,  c  (mph)  ,  k 

Output : 

Power  in  the  wind  (watts  per  square  meter) 

Hardcopy : 

c,  k,  and  power 

e.  PROGRAM  "CHGHT" 

This  program  extrapolates  Weibull  parameters,  c^  and  ,  from  one 
height,  x j,  to  a  second  height,  •  The  Weibull  parameters,  C2  and  k2,  at 
height  z^  can  be  estimated  by  the  following  empirical  relations  suggested 
by  Justus,  et  al,  (9). 

C2  =  C1 

k9  =  k1[l-0.0881n(z1/10)]/[l-0.0881n(z9/10)] 
where  n  =  [0.37  -  0 . 088 Inc  ] / I  1 -0. 0881n(z j/10) ] 

These  relationships  are  thought  applicable  for  z^  <  100  meters  in  relatively 
1 lat  terrain  and  over  a  fairly  wide  range  of  surface  roughnesses. 


Input : 

Weibull  constants,  c  (m/sec),  k 

Height  at  which  c  and  k  were  computed  (meters) 

Height  for  which  new  values  of  c  and  k  are  desired  (meters) 
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Output : 

Weibull  constants  for  new  height 
Hardcopy: 

Original  c  and  k 
Original  height 
New  c  and  k 
New  height 


f.  PROGRAM  "WINDE1" 

This  program  models  a  wind  machine  operating  in  a  specific  wind 
regime  described  by  Weibull  parameters  c  and  k.  If  the  wind  speed 
probability  distribution  p(V)  is  known  and  the  output  power  of  a  wind 
machine  as  a  function  of  wind  speed  is  given  by  P(V),  then  the  average 
output  power  of  the  machine  in  this  wind  regime  is 
00 

p  =  /  P(V)p(V)dV. 

o 


The  model  used  here  for  the  output  power  of  a  wind  machine  as  a  function 
of  wind  speed  is  shown  in  Figure  15.  Mathematically,  this  function  is: 


P(V)  = 


0 

Pr(A+BV+CV2) 

P 

r 

0 


V  <  v. 

—  1 

V.  <  V  <  V 
l  —  r 

V  <  V  <  V 
r  —  o 

V  >  V 

o 


where  V  is  the  wind  speed  at  the  hub  height  of  the  wind  machine.  is 
its  rated  power  and  A,  B  and  C  are  coefficients  determined  internally 
to  the  program  as  described  by  Justus,  et  al,  (9).  V  is  the  cut-in 
wind  speed  of  the  wind  machine,  V  is  the  speed  at  which  the  machine 
reaches  rated  power  and  is  the  cut-out  or  shutdown  speed  of  the  machine. 

Pie  annual  energy  output  of  the  machine  is  then 


6'. 


E  =  8760  x  P  . 


A  i  mmon  measure  of  wind  machine  performance  at  a  specific  site  is  the 
capacity  factor,  C^.,  which  is  the  ratio  of  the  actual  average  power 
output  to  the  rated  power  of  the  wind  machine. 


Another  common  measure  of  wind  machine  performance  is  called  the  recovery 
factor,  R^.  This  factor  is  a  ratio  of  the  annual  energy  output  of  the 
wind  machine  to  the  total  energy  that  was  available  in  the  wind, 

CO 

Rf  =  E  /  J ( 1/2PA  V3)p(V)dV 

o 

where  Ag  is  the  swept  area  of  the  wind  machine  rotor  and  p  is  the  air 
density . 

Input : 

Cut-in  wind  speed,  ,  (mph) 

Rated  wind  speed,  ,  (mph) 

Cut-out  wind  speed,  V  ,  (mph) 

Number  of  1  mph  intervals,  cut-in  speed  to  rated  speed 
Wind  turbine  rated  power  (kW) 

Wind  turbine  rotor  diameter  (feet) 

Site  elevation  above  sea  level  (feet) 

Weibull  constants  c  and  k  (c  in  mph) 

Number  of  hours  considered  (usually  8760  for  one  year) 
Commercial  electric  costs  ($/kW-hr) 

Output : 

2 

Wind  turbine  swept  area  (ft^) 

Average  wind  speed  (mph) 

Average  power  output  (k'W) 

Capacity  factor,  C^. 

Energy  output,  E  (kW-hr  for  the  period  of  time  considered) 
Recovery  factor,  R^ 

Dollars  per  square  meter  (value  of  the  commercial  power 
replaced  by  power  produced  from  one  square  meter  of  wind 
turbine  area) 

Hardronv : 

Same  as  input  and  output 


g.  PROGRAM  "WINDE2" 


This  program  performs  the  same  function  as  WINDE1  except  here  the 
wind  machine  power  output  curve,  P(V),  is  described  by  a  polynomial  of 
degree  n.  Some  wind  machines  display  a  power  output  which  cannot  be 
modeled  as  shown  in  Figure  15.  WINDE2  uses  Simpson's  Rule  to  numerically 
integrate  the  product  of  wind  frequency  distribution  (described  by  Weibull 
parameters  c  and  k)  and  the  wind  machine  power  output  curve,  P(V),  where 

P(V)  =  a  +  a,V  +  a.V2  . . .  a  Vn  . 
o  1  2  n 

The  user  must  independently  generate  the  coefficients  aQ  ...  for  a  best 
fit  of  the  actual  power  output  curve.  Many  routines,  such  as  least  squares 
fit,  are  readily  available  for  this  purpose. 

Input : 

Cut-in  wind  speed  (mph) 

Cut-out  wind  speed  (mph) 

Weibull  constants,  c  and  k  (c  in  mph) 

Wind  turbine  rated  power  (kW) 

Wind  turbine  rotor  diameter  (feet) 

Site  elevation  above  sea  level  (feet) 

Number  of  hours  considered  (usually  87u0  for  1  year) 

Number  of  polynomial  coefficients  to  describe  wind  turbine 
power  curve,  n  +  1 

Values  of  polynomial  coefficients,  a  ...  a 

on 

Integration  steps  (even  number  -  cut-out  speed  minus 
cut-in  wind  speed) 

Commercial  electric  costs  ($/kW-hr) 

Output : 

Average  wind  speed  (mph) 

Energy  output  (kW-hr) 

Capacity  factor,  C^ 

Recovery  factor,  R^ 

Dollars  per  square  meter  (value  of  the  commercial  power 
replaced  by  power  produced  from  one  square  meter  of 
wind  turbine  area) 

Hardcopy: 

Same  input  and  output 


SECTION  V 


CONCLUSIONS  AND  RECOMMENDATIONS 

1.  CONCLUSIONS 

a.  USAFA  Wind  Site  Survey 

Results  of  the  wind  site  survey  of  the  USAF  Academy  indicate  a 
moderate  wind  potential  with  indications  of  more  potential,  perhaps  even 
that  of  a  "good"  site,  at  elevations  above  30  meters  on  ridge  line  sites 
••'1  and  “2.  However,  economic  analyses  using  the  Site  ?/l  •  suits  showed 
long  payback  periods  primarily  due  to  low  present  costs  of  electrical  power, 
based  upon  these  results,  wind  machine  installations  at  USAFA  are  not 
currently  cost  effective.  However,  better  definition  of  ridge  speedup 
effects,  coupled  with  future  unforeseen  commercial  power  cost  escalation, 
could  well  drive  the  Air  Force  Academy  to  a  more  competitive  position. 

In  addition,  and  perhaps  of  more  importance,  wind  site  survey  techniques 
developed  at  USAFA  can  be  applied  to  similar  surveys  at  other  Air  Force 
bases. 

b.  Wind  Site  Survey  Methodologies  for  USAF  Bases 

Tests  of  the  three  methodologies  presented  in  this  report  indicate 
thev  can  be  successfully  used  to  support  USAF  inputs  to  the  federal  appli¬ 
cations  study  required  in  the  Wind  Energy  Systems  Act  of  1980.  However, 
the  Air  Force  Method  of  economic  analysis  does  not  adequately  support  the 
methodologies  Jue  to  omission  of  utility  escalation  rates  when  calculating 
'■••ars-ro-s  ; mp  I  e-p.ivback. 

RECOMMENDATIONS 

a.  USAFA  Wind  Site  Survey 

To  produce  a  more  complete  set  of  wind  characteristics  for  USAFA, 
one  or  two  30-meter  towers  equipped  with  instrumentation  suggested  in 

’.ion  TV.  3.  should  be  installed  at  ridge  line  sites.  As  this  information 
ores  available,  and/or  commercial  power  costs  escalate  at  a  higher  rate 
than  assumed  in  this  r-’port,  new  economic  calculations  should  be  completed. 


b.  Wind  Site  Survey  Methodologies  for  USAF  Bases 

Methodology  I  should  be  applied  to  a  rank  ordering  of  all  USAF  bases 
in  support  of  the  federal  applications  study.  Methodologies  II  and  III 
should  also  be  used  where  appropriate.  The  economic  analysis  referred  to 
in  this  report  as  the  Air  Force  Method  should  be  revised  to  more  adequately 
support  funding  for  wind  machine  installations  anticipated  under  the  direct 
federal  procurement  provisions  of  the  Wind  Energy  Systems  Act  of  1980. 
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APPENDIX  A 


USAFA  WIND  SITE  SURVEY  RESULTS  TABLES  AND  FIGURES 

1 .  USAFA  WIND  TURBINE  TEST  SITE 

Tables  A-l  through  A-5  and  Figures  A-l  through  A-24  show  tabulated 
annual  and  seasonal  wind  characteristics  for  the  USAF  Academy  Wind  Turbine 
Test  Site  (USAFA  WECS  Site).  Tables  A-l  through  A-5  show  wind  speed  versus 
direction  where  each  column  represents  occurrences  in  the  2  mph  increment 
below  that  speed.  Figures  A-15  through  A-24  show  wind  direction  variations 
for  time  of  day.  All  tables  and  figures  were  produced  from  strip  chart  data 
reduced  using  the  digitizing  capabilities  of  an  HP-9830  desktop  computer. 
Missing  time  periods  represent  downtime  on  the  WECS  Site  wind  data  recorder. 

2.  USAFA  COMPILATOR  SITE 

fables  A-b  through  A-10  and  Figures  A-25  through  A-39  show  tabulated 
annual  and  seasonal  wind  characteristics  for  Site  ?/l,  called  the  USAFA 
Compilator  Site.  Tables  A-6  through  A-10  list  wind  speed  occurrences  at 
1-  second  intervals  for  32  2  mph  speed  bins  versus  eight  magnetic  wind 
directions.  Included  on  the  figures  are  Weibull  coefficients  for  curve 
fits  to  tne  percent  time  above  speed  data.  The  reliability  of  data  shown 
for  summer  and  fall  1979  is  questionable.  During  this  period,  the  wind 
direction  head  malfunctioned  due  to  a  manufacturing  defect  later  corrected 
by  the  supplier. 

3.  TALA  FLIGHT  RECORDS 

Figures  A-40  through  A-51  show  vertical  wind  speed  and  direction  pro¬ 
files  from  flights  of  the  TALA  anemometer  above  Sites  'll.  if 2,  and  #3. 

Site  if  1  is  referred  to  on  the  figures  as  the  Compilator  Si tef while  Sites 
if 2  and  43  are  referred  to  as  the  North  and  South  Accumulators,  respectively. 
Data  points  for  10  meters  are  those  taken  from  fixed  instrumentation  at 
those  sites. 
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Figure  A-4.  Percent  Hours  at  Speed, 

USAFA  WI.CS  Site,  Summer  1978 


>  SPEED  CMPH) 

Percent  Hours  at  Speed, 
USAFA  WKCS  Site,  Fall  1978 


If  .0  20.0  30.0  H0.0  £0.0  60.0  70.0  H0.0  9B.0 

PER CENT  HOURS  RH0VE  SPEED 


0.0  1H.0  20.0  30.0  H0.0  £0,0  .70.0  70.0  80. 0  90.0  100.0 

percent  hours  paovE  speed 


x  AD- A 129  581 

USAF  (UNITED  STATES  AIR  FORCE) 

ACADEMY 

WIND  SITE 

r% 

SURVEY:  METHODOLOGIES  FO..(U) 

AIR  FORCE 

ENGINEERING  AND 

SERVICES  CENTER  TYDALL  AFB  FL 

ENGIN.  . 

UNCLASSIFIED 

T  E  KULLGREN  ET  AL .  MAR  83 

F/G  4/2 

NL 

MICROCOPY  RESOLUTION  TEST  CHART 

NAMONAI  HltHI  All  ur  SIANCUHI)!-  I'V,  A 


(Z+U/H)  UISN30 


87 


Figure  A- 12.  Power  Density, 

USAFA  WI.CS  Site,  Winter  1978 


vs.  Time  of  Day 
■,  Jan  1978 


4 

*»*4*  4*  ***444*  4* 

*•  44*  -H*  4*4*4* 

♦  4*  bbb-b  4*  4* 


♦  ++4» 
4* 4* 


-4*4- 
■  4*4* 
4*4- 
b 


-*■  4*4*  4*  4* 


4*  4* 


+•*■  iihihi 

►  -»♦*  -M>  *•* 

«  »«  ^  ^  »  ■ 

44-4-4-4T . 

■*>  4444 


■44*  4*4* 
444*  4’ 

44*4*  4* 


4-4- 


rvi 


rvi 


s 

at 


bbb  44- 


_  4*44*  4*44*  444- 

■144  111  4-  4-4-  44*  4+<Hj 

■■■•a  m  4*  4-4-  H-i4  • 

4-  M  » I  mill  I  4-  b  ' 


4*4-  *4* 

-4* 

4* 


4-  -+-4-™ 

4- 


4*  *44*  4*  4-44*  4*  HH-  ■*•4*4*4*  b  I 

4*  4--H-  4- 4*4-4-  bb  4*4-- -  I 

4*4*  M-I'W  m>  4-4-  4-  4--® 

4*4*  .  4*  4*  4*4*4*  444*  4-  44-  b  b  -  I 

.4*  HI*  4*4*4*  -4-4*  +m: 

I 


1U3 


.  —  .-  :..i*  .  ..  ^*b  bb jtbb  b  b  - 

t  liV  •  1  III  I  ▼  4r  t  +  -H*  #  ♦  +  4* 

44*4444*  •»  *+•*?*■  +  *  +  -b  bb  bbbb  b 
+  **•  44*  H'  #  44*  ++  HH  44*4*  4*  4* 

■4***  4*4*  4444-  +4+  -V  b  -tbb  ■*•  bbb- 

bb  ♦  *2*  **-<M-*  4-  b-Ubbb  44-44* 

•bb  bbb  b  -M>  4+  4-  4-  4*  -44*  4*  44-  4> 

4-4-  4*4*4*  4*4* 44-4*4*  4-44-  4  *  “  ‘ 


4*  4* 


.  4*44*  4*  4* 


».♦  ♦  •44*44*  444*4*  <4HM*  -Hb 

bt.bb  bb  tbbb  b  bb  bb  b  bbb  b 


b  b  *  {4*1444*  +44*  4-  bb  H*M4*'4* ' 

►  44*4*4*  4*4*  *-f  4*  44*4444*  4*  4* 


4*4*.  4*.  4*  4*4* 


4*44444*  4*4* 


H - + - h 


m 


r* 

ra 


M 


MDI03Wf<r  <mt H 


n. 


++++ 


U5RFR  HEC5  SITE  U i NO  DIRECTION  SCRTTERGRRH 
B-31  JULY  137B 


Wind  Direction  vs.  Time  of  Day 
USA FA  WECS  Site,  Jul  7  978 


0.0  3.0  12.0  15.0  10.0 

TIHE  OF  DRY  (HOURS) 


Figure  A-23.  Wind  Direction  vs.  Time  of  Day 
VSAFA  WECS  Site,  Nov  1978 


'.vini!  Direction  vs.  Time  o 
•••"AKA  WKCS  Site,  Dec  1978 


ABLE  A- 6 :  WIND  SPEED  OCCURRENCE  VS.  DIRECTION 

Q’TMMC’p  ]979 


Percent  Time  ;it  Speed 
Site  #1,  Summer  J9  79 


Figure  A-2  7.  Power  Density, 

Site  if] ,  Summer  1979 


30.0 


107 


PERCENT  HOURS  RBPVE  SFEEP 


TAHLfc:  A— W :  WIND  SPEED  OCCURRENCE  VS.  DIRECTION,  SITE  #1 
WINTER  197y-R0 


Site  #1,  Winter  1979-80 


o 


UlNt>  SPEXD  CtiPH) 


3S.0 


rHcfHl  03  3dS  CM  IN 


115 


0.0  IB  .0  20.  B  30.  B  MB.B  S0.B  BB.0  70. B  BB.B  90.0  100. 0 

PERCENT  HOURS  ABOVE  EPEEP 


WIND  5FETP 


S!  i:tn  OCCl.KKKN’Ct  VS.  »1«U 


bPfXlp 


April  )  97')' Apr 


122 


figure  A-42.  TALA  Record  No.  3,  Site  #1 
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HIND  PROFILE  FDR:  NORTH  RCCUHULFTOR/ 
DATE:  12  5EP  1973/ 
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!  liSH  OISP  “LINE  " 

!  FiFCt  INPUT  Vf 
«  «?«  IF  Y i = "Y "  THEN  11S0 

OISP  "WHAT  VELOCIT  '  DU 
WISH  TO  '*  . 

,*00  OISP  "START  AT  < MOTE  '<  UU  ■ 
AM  MOT  "  .  , 

j  tCuT  OISP  "START  AT  ZERO '  '  > 

•110  INPUT  T  € 

,  ,  IF  T  F  =  O  THEM  1030 
ijso  OISP  "WHAT  UELOC  I T"  DO  ■'  U  L 
WISH  TO"  . 

;  i40  OISP  "STOP  AT  ■  MuTE  I  '1'- 
t  BE  NO  " 

I150  OISP  “GREATER  THAN  45'" 
i  l  F. 0  INPUT  TS 
1*170  IP  T 9. :  4 5  THEN  1  100 
1  180  CLEAR 

1 >90  OISP  “STAND  BY" 
i  -  ft  0  T  7  =  T  6  -  1 
|Ji0  T  7  =  T  7+  1 
•  220  e '  1  •  =LOG •  T7*  1  1  52  • 

1  T.-7.11  ?p  T 7 T A  THEN  1370 
[lj,  ■  ■  T'-T7>=0  THEM  137.0 

i  35 i)  E  _  ">  =  L 0 G •:  -LOG < T <T7  '  1  '• 

1 2 s 0  B  ’  3  •  =£ f  7  "•  +  B  1  ’’ 
t  2?0  B  '  4  )  =B  <  4  "•  +  B  <  1  t  "  2 
1  2  S  0  B  <  5  •  =  B  <  5  >  B  <  2 ; 

1  2  9  0  E:  <  G  '  =  B  <  €• +  B  2  '•  "  2 
1  700  e  7  '=£'•?  >  *B  •"  1  >  *  B  <  2  '• 

1  3  i  0  B '  1  1  >  =  B  <  1  J  >  +  1 

1320  GOTO  1210  . 

1  7 7 1-1  B  <  3  '•  =  S 0 R < B 1  4  )  - B <  3  ;■  2  ■■  B<  * 

v.  <:  B '  1  1  "•-!  ..  .  .  ^  . 

j  740  e  |  9  '  =  ? 0 P  <  1  B f  t*  ■'  - B  ''  5  1  2  ■'  d  '  *  1 

>-  B  ••  i  1  '•  -  1  '  ■ 

•  7  =■,  fi  p, ]  0  >  *  f  p  >’  7  >  -  B  i  3  ">  4  B f  5  1  '  B>  1  ' 
<  B  ( 1  1  >~5  >  B*  3"'  "  B  ■'  ? 

• 7F0  CLEAR 
!'Oi  PRINT 
:  7S0  PRINT 

.  790  PRINT  "POP  •  TS  ■  "TU  1 
"UTS" 

141-ui  PRINT  "NUMBER  OP  P'-'INT: 

R  •  11 


141  A  PRINT 
1220  PRINT 
1 

1470  PRINT 
fiN=  ' 


MEAM=  "  B-3'  B'l 
CTAMDAPO  DE'.'ThT! 


r  s 


136 


i  J  4  n  F  P  I  N  T 

1450  PRINT  "V  MERN  =  B!  5 


1  400 

PRINT 

STANDARD  1 

0  N  =  "  • 

B  •  9 

1  4  70 

PRINT 

"COPR  COEFF  = 

1  4  9  0 

R  ,  B  •  C 

n  ■  k = o 

1  4  9  0 

D=B 1  1 

tB !.  4  ■  -  B  ■"  7  >  -2 

]  500 

H  =  5 

1 *  p  <  4  >  -B 7  >  *B  • 

I5l0 

B  *  •"  B  <  11  >  *  B  <  7  :■  -  B  <  3  >  *  B 

1520 

C  =  EXP  < 

-R  B  ■ 

;  530 

t,  =  B 

1  540 

PRINT 

1  5  5  0 

PRINT 

:  500 

PRINT 

>■  C:  =  ••  ■  C  .  “  K  = 

i  570 

i 7  0  L  E  H  F 

i  5  5  o 

SC  RLE 

0 , 7  2  ■  0  •  1  O' 

•,590  MO'.'E  0. 15 
1  OOO  t.DIR  0 

it-lO  LRBEL  "PLOT  QP  PERCENT 
RT  SPEED 
1020  M i*  V E  O  '  14 
1030  lRBEL  “MIND  SPEED  FOR  ' 
RL-f 1  3  ' 

1  F  4  O  M  0 E  1  5  •  1  2 
1050  lRBEL  "  P  '  'RL T  f 9 . 

i  OOO  M 0 E  25.13 
1050  LRBEL  "  '■  M P H  " 

1  32  O  MODE  15,  11 
l  0  -  0  i_  R  B  E  L  £■  T 


7  u  O 

MOVE 

15  10 

7  10 

lRBEL 

R*  • 

7  20 

.7  AX  X  s 

5.0  10.2  0 

7  70 

YAK  I  S 

1  0  •  0 . 5  ■  1 2' 

740 

M  0  E 

10.4 

7  5  0 

LHBEL 

"  '..'EL0C  I  TV 

7  6  0 

MOOE 

1  0  ■  7 

7  70 

LRBEL 

"  '..'ELOC  I  TY 

7 0 

MOVE 

9 , 5 

7 '?  O 

LDIR 

9  0 

■?00 

LRBEL 

“V  TIME" 

,  0  1  0 

MOVE 

9  ■  5 

0-  0 

lRBEL 

"  "  9  S  P  0  “ 

1 -0  PRINT 
1  5:4  0  PRINT 
1950  PRINT 


1  9 0 0  COPY 

1070  GCLERP 

1  030  SC  RLE  -4  73 • -S ■ 2 1 
1 090  MAX  is  0  1  0  75 
1  9  0  0  '**  'ITS  -  7  51  152  0  75 

i  9  1  0  lI’IP  0 

1 920  FOP  X=0  T9  5  STEP  5 
1 97fi  finoE  ■  1  ^ 

194  0  ir,c'RM  O' -2 
1  *50  fiO'-'E  M-  5  -2  5 
1  990  lhBEL  '  'hl  t 1  '  ■  ’ 

1*70  MOVE  1  152-  5-  -3 

t  9x0  lhBEL  '.'RLf 
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1990 

NEXT 

2  0  Ci  0 

FOR  -  1  0  TO  7.5  0 T E P  5 

2  0  1  0 

i'10'.'E 

1  C 

.?020 

IOPOW  0 

•  “®  2 

2  0  7  0 

MOVE  X- 

1-2  5 

2  0  -l  0 

10  BEL  '■> 

H  L  f  <  X  - 

20  j0 

MOVE  x:i  1  154-1. -C 

2  0  6  0 

IE  X  -77 

THEN  2080 

2070 

lrbel  v 

HL*-"X  - 

“  0  -r  0 

ME  XT  V 

2  V’l  2  O 

VOX  I 8 

•  11  20 

2  1  O  0 

LB  IF.'  0 

;  i  i  0 

T  H  P  V  —  M 

TO  20  STEP  5 

2  1  20 

MOVE  O  . 

2170 

iophw  i 

■  0 

2140 

MOVE  -3 

.  Y  —  5 

2  150 

LOBEL  VOL ten 

2  1  60 

N  E  X  T  Y 

2  1  7  0 

IF  U*=" 

V"  THEN  2260 

2  1  60 

FOP  1=0 

T  0  7  0 

2  1  96i 

v  =  p  1  i  : 

T  9*1 O  0 

2200 

X=I*  1  1 

cr 

2  2  1  0 

MOVE  X.. 

T* 

2  2  2  0 

I  MOVE  - 

2  -  2 

7  2  7  0 

ID  Phi-; 

75.0  '?  IDPOW  0 

2  2  4  0 

IDPHl-i  - 

75.0  r-  IOPOW 

2  2  7  O 

NEXT  I 

2  7  6  0 

MOVE  0 ■ 

0 

7  2  7*  0 

•+— 1 

II 

i X 

li 

T  0  7  c* 

2  2 0 

'.=  1*1  1 

cr 

2 ' 90 

V  =  1 00 *  < E XP *.  -  •"  <  X-  5  70- 

-EXP  - 

•  V+  776  “■  *  4  ■ 

-■  7  0  0 

DPOW  X ■ 

Y 

2  7  1  0 

ME 'XT  I 

j- 7'  tj 

MOVE  0 ■ 

0 

2  7  7  0 

pf'im 

2  740 

PRINT 

7  7  5  0 

PRINT 

2  76  O 

r  OP',' 

2  7  7  6 

PRINT 

2  7  7  0 

PR  I  NT 

.?  T  9  0 

PP  1  NT 

2  .1  0  !  1 

OC LEOP 

2  4 ' 0  r  H  L  E  6  •  7 2  •  0  •  1  6 
2420  MOVE  0.15 
2 4 7 0  LOIR  0 

4  4  4m  l  P  E*  E  L  "  F' L 0  T  OE  PEP'.  ENT  HU** 


hBO'-'E 


2450 

MOVE  0 

.  14 

4  s  o 

LOBEL 

"SPEED  FOP  C  =  " 

&  v  h  l  f 

V  4  7  0 

MOVE  2 

7  14 

24  SO 

lhBEL 

"MPH" 

t  J  ft 

MOVE  1 

5  1  7 

J'  5  0  M 

LOBEL. 

"1  •  =  "s,..-flLf  <  O  ' 

2510 

MOVE  1 

5.12 

2520 

lhBEL 

ET 

2  5  7  0 

MOVE  1 

5  1  1 

254  0 

lhBEL 

Hf 

-■  =.  =  M 

Vpv  T 

=:  .  n  .  1  0 . 2  0 
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•_n  U  '..J  f . 


2  5  6 0  Vh1'  I  S  !  0  0.5.  1  2 
J 5 5 0  MOVE  10  4 
2500  lABEL  "MIME" 
2;590  MOVE  10,3 


2000  lABEL  "ABOVE  S^O" 


s  8  :  0 

MOVE  8.5 

9  8  2  0 

l  0 1 P  9  y 

2  8  3  y 

LABEL  "VEL 

•:  KT  S  '-  " 

2 8  4  0 

MOVE  9  •  5 

2  8  5  0 

LABEL  "VEL 

•  MPH  •  " 

2  9  »;■  O 

LOIR  0 

2  8  7  0 

PRINT 

2 1  8 0 

PRINT 

2890 

PRINT 

2  7  O  0 

C  0  P  Y 

r  i  0 

G  0  L  E  A  P 

2  7*  2  0 

SCALE  - 2 0  IO5.-4  30 

2  7  30 

XAXIS  0  10, 

0  ■  1  0  0 

7*  7  4  0 

x = 0 

2  7  S  0 

MOVE  X - 1 . -2 

5 

2  7  8  0 

LABEL  V  ALT' 

j 

776 

FOP  X  =  2  O  TO 

80  STEP  2 

0 

2  7 :?  0 

MOVE  X- 7 ■ -2 

tr 

2  ”*  9  0 

LABEL  val*< 

'1 

2  3  0  0 

r  i  E  X  T  ■: 

2  3  I  0 

v  =  l  0  tit 

2  8  2  0 

MOVE  X-4.5, 

—  “■  s 

?  3  7  0 

LABEL  VAL*C 

x  ■* 

2  84  0 

VAX  IE.  0  5,0 

7  <7 

2  350 

/AXIS  -10.54.1  152.0,7 

c 

2  8  8  0 

F  U  P  't  —  tj  T  tj 

3Z  STFP  5 

2  3  7  0 

MOVE  -8.Y-1 

2  2: 8*  ij 

1.ABEL  VALf. 

V ) 

2390 

IF  V =35  THEN  2920 

2  9  0  0 

MOVE  -18. V  4 

1  152-1 

29  10 

LABEL  VALi' 

V  ’• 

2  ‘-4  2  O 

NEXT  Y 

2  9  7  0 

IF  W$=,,Y"  THEN  7000 

2  '9  4  r 

FOP  Y=35  TO 

1  STEP  -1 

2  9  7  0 

MOVE  T/Y-l  ■ 

1  1  -0  0  ,  Y 

7  9  9  0 

I  MOVE  -  2 ■ 

2 

2'  r*  7  0 

I  DRAW  75  0 

1?  I  0  P  A  W  0 

-»80 

I DRAW  -  75, 

tj  ly  in  PAN 

0 

2  9  9  0 

NEXT  Y 

3  0  0  0 

MOVE  0  ■  75- 

^01  0 

FOP  X=1  TO 

i  00 

fi  2  0 

Y  »  C  4:  r  -LOG'  X 

100'-  '  /  1 

y 

'  "*0 

Ftp HW  X  .  Y 
NEXT  " 

PRINT 
t- PI  NT 

PRINT 

COPY 

7  0  ^  0 

F'P  I  NT 

3  i  00 

PRINT 

3110 

PRINT 

3  1  2  O 

END 

1  39 

Program  CKCOMP 
Listing 

c  |  PROGRAM  "CKCOMP" 

-  -  "  0  ■  7  2  •  S  '  .■  ft  *  1 2  o  3  L 


t :  •.  •  1 
T  u  J  -  0 

Jj.;-  FOP  !«0  Tr’  c'£ 

l  - .  *  +  j 

...  r  c  I  •  1  1  them  20 

7:  0  1=0 

TP  p  to  THEN  110 
90  j,-  l  .  .  p.  I  T'  I  '  ■  O'  I  '“O 
i  00  r  F  J  : '?  THEN  C'‘'I  -• '-0 

:iu  i''=e 
next  i 
-  J  - "  v " 

;4.  J  f  ~  1  M  " 

01$P  •'  DPTft  ON  ThF'E  " 

i fp  tt.-pi'T  v# 

IF  Y  $  ~  "  N  "  THEN  470 
....  oi  EP  "WHAT  i -i  FILE  - f’4  -  L  E ' 
INPUT  U* 

CLEAR 

710  ft 2 7  I  GNU  1  TO  U* 

-.-p  READ*  1  ■  1  ft*  ■  B*  tr  ■ 

270  ASSIGN#  1  TO  K 
740  cop  1=1  TO  72 

t S 0  POP  j  =  1  TO  8 

••  f, o  pc  i  :> = p '  i  ,+0'  : .  j  ■ 

7 7 O  NEXT  J 

200  NEXT  I  _-._rr.v- 

7.90  "DO  YOU  WISH  TO  SEE  Oh 


0  0  IN  P  'J  T  C  J 

:• ;  0  Y  $  - "  N "  then  1740 

r,  j  p  "Of;  YOU  WANT  PP  I  NT  EC 
of  OftTft" 

;  tJC-nx  Ct 

■•a.  •  r  ft  p 

7*  :•  s'  •'?  1  =  1  TO  32 

CFO  ij O'SUE-  ’:"‘U 

Y'0  01  ftp  USING  1170  •  R>  1  • 

-  ...  ;  •  --  '  P 

-  ‘  •:  p 

j  . ,  o  r  |  =  ••  C  '•  THE  N  C  0  P  Y  E  L  S  F  W  “ 

4  000 

...  -0  NFI.T  I 
„ ;  v •  GOTO  174  0 

•  -  r,  t  ■-  F  "  M  I  0  L  Y  0  U  N  E  E  D  P  P  I  N  E 1 
GOV  ijc  THIS  D  ft T  ft  " 


x  4  v  i 

4  T- «" 1 

INPUT  0 
n  :  -  p  "  ■  1 

LOCAT I  OH  "  ■ 

4  H  ’ 

a  7  * 

]n;  mT  Fi 

J  I  P  "PEP’ 

0  OF  DATA". 

0 

INpljT  Hi 

OU  ALREADY  1-NO 

4  •  j  Ci 

n ;  p p  "00  Y 

rr  i  r. 

AND  i 

1‘jpnT  wt 

»  V  Mf  *  M  >i  " 

T  HP  N  =."0 

®20 

iusp  i" 

ripu  •  s  " 

,  '■  ,  i  •  ;  f  ,  • 

.  4  u  j  ;  h  'i  _ 

:ru-  I  rif-ij  T  i 

hi'  jCTfi  J  4  0  0 
"I'M  rr  f  i  u  j  rr.  7  > 

■  i'  I  ’'1 M  G  E  "OCCURRENCES  PF.TOthN  " 
Du  ■  "  HND  "  DD  "  nphTPOM  THF 

•  :  i  h 

•  U  D  r:  P  U  I M  G  5 Cl  2* I-2-2*  r 


*  :  Mi  :  •  ! .  i  ■ 

:  0  D  ;  :■  R  I."  •£.  I  H  G  5  3  fi 


•  ir  ■' 

4  . •  '  up:  ! 


0  31  N  G  5  _  Ci 

t"  I  1  • 
i ;  ■£.  I  N  G  5  3  0 


3*  1-2 • 2*  ’  ■" 

:  *  i  -  2  ■  >  i ; 

1*  I  -2  •  2*  i  ■' 
2*  1-2.2* i  " 
1*1-2  2‘T  " 


Ci.  :  -<p  i.i  T  j '  I  4  • 

"C  1- 1  1  f-  02  I  nG  5 3D  2*1-2. 2  *  T 
tin " 

c  I  NFO  T  fi .  T  •  5  ■ 

■  * P  j  I  •'  F-  U 1  NG  *5 * 0  2 *  T  -  2 . 2  *  1  , 


'03  IHPI..T  D'  I  ■£.  •. 

.0  D  1 P  U 1  M3  "530  2*1-22*1 

' M 

“30  INPUT  I 

"?0  D I  i.P  0  2  T  NG  538  2  *  1-22*1  " 

T  -  J  P  T  .j,  I 

3  :  I  U  6  3  0 

■  •  ■:  o  r  r>  s  0 
'  •:  *  o  i  p 

ol"-,c' 

I  mhGE  "POP  l-‘EI.  DC  I  T  I  E3  Fpntl  - 
DD • "  T 0  " DD  "  NPH " 

■  !  f  0  I  3  P  1 J  3  I  N  C  3  U  0  2  *  I  -  2  •  2  *:  I 

3 0  IMhGF.  4"  "  D  I  PEC  T  1  ON  "  .  5X  .  "  DC  C 
Ij  P  H  N  r  E  3  "  4  ■  ' 

TO  1  MAGE  ?:•  hh  •  1  0 .  7D 

...  r  ■:  p 


D  I  P 

U"f  [  NG 

2  O 

•'  I  F 

0  2  1  >: 

-  TO 

"  •:  r  •• 

•  D  • 

1 

2 

■  ■  •  :■!  p 

Li 3  T  NG 

j  7  0 

..  F  „ 

■  D  ■ 

I 

:• 

•  -  .  •:  P 

I.I 3  I  NG 

8  T  0 

"  NP  " 

D  ■ 

T 

7 

j,-  ‘  p 

02  ING 

8  3  0 

"  N " 

“t  , 

] 

•00  '  • 

HP  ING 

8  7  0 

Nw  " 

L  • 

* 

c 

'  !  •>  ;  ■-  p 

UP  ING 

870 

"  U " 

Lu 

020  : : Tp 

02  ING 

8  7  0 

"  3  U  " 

•  D- 

I 

*7 

*  “0  1  I  -  P 

0  -  ING 

830 

c 

D- 

T 

x 

2  1  '  •'  "  13  Ht.L  DhTR  CORRECT" 

v  r 

■■’0  I  r--"",'"  THEN  1120 
y O 

y  y  0  I  _  * I  h  r- 

1000  DT3P  "INPUT  NUMBER  OCPPEGPO 
NO  IMG  TO  T  NO  OP PEC T  DIRECT 
I  ON  " 

1 A 1 


1  0  1  0 

]  MAGE 

SX  A  A  A  A . 8  X 

A  A  A  A  ■  7  X 

1  0  2  0 

DISP 

using  1010 

"  S  E  =  1  "  •  "  N 

1  070 

W-  5" 
DISP 

USING  1010 

H  ^  11  t  11 

1  040 

w  =  6  " 

D  I  SR 

USING  1010 

;  "NE  =  .7"."S 

050 

W  =  7  " 
DISP 

Z  —  C*  ,f 

USING  1010 

,  “  N  =  4 "  " 

!  060 

1  0  7  0 

INPUT 
n  I  SP 

J 

“CORRECT  NUMBER  OF  OS' 

URRENCES" 

1  m-'-o  INPUT  0  (  I  .  J  1 
1 *90  DISP  " ANY  OTHERS  WRONG" 

;  Kni  INPUT  V f 

;  1  ;  P  IF  Vt*  "  Y  “  THEN  990 

MiU  .;lEAR 

jive  FOP  J= 1  TO  8 

1  i  4  fi  p  i  I  ;>  =  P  I  '•  +  D  I  .•  J 

.  *  C.P  NEXT  j 

•  i  go  •*,!*' SUB  780 

I  i  7»*  IMAGE  S'-'.  "TOTAL  -  "  ,  7D 

1  t  01  OP  USING  1170  ;  R<  I  .' 

>.  1  Q0  IF  C#*"VM  then  COPV  ELSF  UP 
I T  2O0O 

2  200  Q  EAR 
1210  NEXT  I 

1220  0 1 S P  "DO  YOU  WISH  TO  STORE 
THIS  DATA". 

1  2  v 0  INPUT  Vi- 
1240  IF  V i = " N "  THEN  1740 
!  I'^-O  DISP  "WHAT  DO  YOU  WISH  T0 
ALL  FILE" ■ 

1 2 SO  INPUT  Ut 
1.270  CLEAR 

! 290  CREATE  UT • 1 ■ 2560 
1290  ASSIGN#  1  TO  Ut 
1700  PRINT#  1.1  ,  Af  ,  B$  ,  D  •- 

1710  ASSIGN#  1  TO  t 
1740  A=0 
■  700  T 9  =  0 

i  7 F. 0  FQR  I  =  t  TO  32 
177 0  T  9  =  T  9  +  R 1  I  ' 

1  3S0  A-A+  ■  I  *2-  1  '  *R  <  I  '• 

1790  NEXT  I 

1  a iH“t  DISP  "DO  YOU  WANT  F'EPCEN"rAC 
E?  LISTED" . 

14  10  I  NR  LI  T  FT 

1420  IF  F t  =  " V "  THEN  1460 

*  4  7  n  CLEAR 

1440  6  I  SR  “ STANDBYTCOMPUTAT I ONS 

UNDERWAY" 

’  4  0  G  0  T  0  1  6  5  0 
1 .4 F.0  r  LF  r'R 

1  4  44-  -PI  NT  "DATA  COLLECTED.  "  El 

14  *0  PRINT  "DATA  PERIOD.  "  •  Ai 
;  4-7.0  print 

1  4  "  i  Fi  F'  P  I  M  T 

1  5  O  0  PRINT  "  W  I  N  D  S  P  E  E  D  OCCURRENC 
ES  XT  IMF A OP" 
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;  -  i  >■ 
!  5  ?  0 


PRINT  "  f-1 P  H 

I  MAGE  -?Q  •  2X  •  30  •  41 ; ,  80  .■  6X  ■  3D 


-.30 

IMAGE 

•30  •  2X  3D,  4 X  •  80 . 8X  ■  "  0 

1  5  4  0 

EOF:  1  = 

1  T0  32 

*5  j0 

I  F  R  <  I 

’>  •-  T  9  *  1  0  0  >  1  THEN  1  5  F.  0 

ELSE  1 

5  So 

;  5*0 

PRINT 

USING  1520  2*1-2  - 2* 

I  ■  P  ■:  I  > 

•  P  1  I  >  •  T  9  *  1  A  0 

1  5  70 

G  0  T  0  1 

590 

I  j  -3  0 

PRINT 

USING  1530  ;  2*1-2- 2* 

I  ,  P  -  I  - 

■  p  -  I  :>  t  9  *  1 0  o 

I  590 

NE"T  I 

1  r.  H 

PP1  HT 

1  6  1  0 

PR  I  NT 

1  r.  J  cl 

PRINT 

"  W  I  N  D  SPEED  OCCURRENC 

ES 

SPEED" 

1  »:  3  0 

1-2 

i  K-  4  9 

PRINT 

USING  1520  ;  0,2-P-I' 

TOT  9  *  1  0  0 

T  •  I  -  ~  1 

-t'.  l  .i  T9 

*-  r  0 

u  “  P: 1  l  - 

j  ►"  7  11 

FOP  1  = 

2  TO  32 

1  7 :?  9 

N  =  N  +  P  ' 

I  - 

1  *  9  0 

T  -  I  '•  =  1 

-N  T9 

;  ?  0  0 

ne:.i  i 

7 ' 0 

IF  E4  = 

"N"  THEN  1730 

173  0 

FOP  1  = 

:  T  o  3  2 

1  7  70 

IF  T  I 

-1 '*100: 1  THEN  1740  E 

LSE  1? 

60 

7  4  0 

PRINT 

USING  1520  -  2*1-2-  2  * 

I  ■  P  ■  I  ■ 

T  ■  I  —  1  >  *  1  o  o 

^  j 

■ 'I  0  T  0  1 

770 

1  •"*  6  0 

PRINT 

USING  1530  :  2*1-2  2* 

I  -  P  •  I  • 

■  T  •  I  -  ’  "•  *  1  00 

7  7  *  j 

NEXT  I 

1  7  c  0 

IMAGE 

?•"  -  " AO E PAGE  WIND  FREE 

j  "  ,  ,  , 

3D  20  •  "MF'H"  •  ■  7-0  ?0  '' 

-  HOT S  " 

1  7  90 

PRINT 

USING  1 7  S O  -  A- T9, A  • 

■  9  *  1  1 

5  2  "■ 

1  ?7ii"i 

T  6  =  8 

>;  i  1 1 

T =  T  *. 

7 1 1 

0  i  sp" 

‘  ;  8  V  v  ^ 

r> :  r.p 

-4  0 

9  I  SP 

IS'i-o  DISP  "  P  P o G P h M  is  PPESENTlS 
:  £  T  U  P  T  0  " 

i  •••SO  D  :  P'  "COMPUTE  C  AND  k  FOP 
t. .  OC  I  I  I  E  S  " 

DISP  "FROM  15  TO  63  MF'H  IP 
THESE  RPE  " 

'  8  3  0  D  ’  SP  "THE  LIMIT  S  7  0  U  1-1 1  s  H  T 
0  USE  T'-'P  P " 

890  OISP  "IN  V  HMD  PRESS  END  L! 
UE  IP  THEY" 

9  00  .  I  P’  "  HC'E  HO  T  •  TYPE  IN  N  FiU 
D  PRESS  Foe 
1810  D I SP  "LINE  " 

1  ‘•'SO  INPUT  VJ 
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1 


>930  IF  "  I  HEN  204© 

1 DISP  " WHAT  VELOCITY  DO  YOU 
W  I  PH  TO  M 

1950  DISP  "START  AT  (NOTE  i'OU  L 
AN  MOT  “ 

1900  DISP  "START  RT  ZERO 1 1 1  PHD 
NUMBER  MUST  EE  PN  nnn  WHOLE 
NUMBER 

1970  INPUT  TO 

19S0  IF  TO- 9  THEN  1940 

1  995  T6=  •  T0  +  1  ■  '2 

1990  DISP  "UHftT  VELOCITY  00  YOU 
N  !  S  H  T  0  " 

Oil  00  DISP  "STOP  RT  .NOTE  Ir  MU  •’ 
T  BE  NO  " 

j-MlO  DISP  "GREATER  THAN  03  PHD 
IJST  be  rn 

2  ri  l  r  disp  "ODD.  WHOLE  NUMBER  • " 


2  0  2 0 

INPUT  TS 

2 0  3  0 

IF  T  3  0  7 

THEN 

1  9  9  Gi 

2  0  3  j 

T  8=  ■,  T8  +  1  ' 

•  •'  JL 

2  4  O 

clerp 

3*  0  5  m 

DISP  "STAND  BY 

M 

2  0  rZ  0 

T  7  =  T  0  -  1 

20  ro 

T  7  =  T  7  +  1 

3  080 

B 1  1  ■  -LOG . 

:  P  ITT- 

1  > 

2  0 '?  0 

IF  T  7  >  T 8 

THEN 

2  1  90 

2100  IF  T  1 .  T  7  > =  O  THEN  2190 
2  1  1  0  B  <  ?  >  =  L  0  G  (  -LOG  T  ■'  T  7  ■  ...  '* 

2  l  2  0  P 1  3  ">  =  B  <  3.  >  +  B 1  1  > 

2130  B '  4  '•  =  B  •'  4  '•  +  B  ■  1  v-  2 
2  140  B  <  5  )  =  B  ‘  5  *  B  '■  2  '> 

2  1  5  0  B  <6  •  =  B  <  6 +  6  ■  2  >  2 
2  100  B  <.  7  ■>  =B  <  7  ■'  *-B '  1  )  *BL  2  ' 

2170  B ■  1 1  •  =B '  11  '  +  1 
2  1  0  0  G  0  T  0  2  0  7  O 

2  1  9  0  B  •  S  =  S  0  P  ■'  .  B  1  4  >  -  B  1  3  >  ■■  2  /  B  'll  • 
:■  •  B  •  1  1  ■  -  2  ■ 

2  2  0  0  E' '  9  1  =  S  0  F' 1  ’  B 1  0  >  -  E: '  5  >  2  B 1  11  ' 

r  b  •  i  1  1  -  1  •  ■ 

2  2  1  0  B  '  1  0  >  =  *.&•'  7  ■  -  B  <  3  '  *B  1  5  >  "  E‘ 1  1  1 
■ .  <  B  ■  1  1  -  -  1  '  B  -  9  ■  '  P  1  9  :■ 

2220  SLERP 
j  2  7  U  PRINT 
2240  PRINT 

2250  PRINT  "FOP  V="  ;  T0T2-1  •  "T0 
T8t2-1."  MPH" 

2200  PRINT  "NUMBER  OF  POINTS  =" 

B  1  1  1  ■ 

2270  PRINT 

229*  PRINT  MERN=  "  •  B  •  7  ■  •  B  '  1 


2290  PRINT  "X  STANDARD  DEVIAT! 

0 1*  =  "  ■  E; P  > 

2700  PRINT 

2310  PRINT  "V  MEAN*  "  ■  B 5  •  B'l 
1  ' 

?20  PRINT  "V  STANDARD  DFV I  AT  I 
ON*  "  • B '  9  ■ 

2770  PRINT  " C 0 P R  COEFF  - 


t'  1  0 


J40 

»•  •'  0 

<>  v  -Q 

/«-,/» 

L‘  —  i 

1  ■  *B  '4  P  ■  :■ 

^  r:  0 

H  -  ■  B- 

5  t  B  •  4  -B  ’ORijn  j 

?  ■'  '0 

E  -  ■  E  ■ 

!  1  ■  <  E'  ■  ?  •  -  B  7  ■  *&•■:  5>  ■'  -'D 

n 

C  =E'-:P 

‘  -  H  •  E-  • 

■?  •'«  t"i 

i  -p 

4  ‘'i  r 

P P  T  NT 

4  :  0 

P*  I  KT 

4  '  t 

r  PINT 

"  C  =  "  C  .  "  i.;'  -  "  ,  f.; 

4  ;’ » • 

-  LFh 

►  ' 

4  4  -,H 

-  O,  E 

ft  7  2 . 0  ,  1  P 

4  "Lli 

,'F 

H  ■  1  z 

-1  r  ■  0 

'  1  1  j  K-' 

o 

**  .i 

.  P  F  E  i. 

"PLOT  OF  PEPCENT  TIME 

r  < 

PEED  NT" 

4  \  n 

:-.‘E 

O  1 4 

J  _-i }  j 

HBEL 
H„  T  L 

"MIND  SPEED  FOP  C*"&N 

I 

p  •'•  o 

■ifiNE 

15,  1  2 

~  l 

HP  EL 

"  I  =  "  EV.'HL  t  <  f.  .. 

rr  •  , 

27  •  !  7 

c  *•  . 

_  h  £  L  L 

" • MPH  " 

"  4  i? 

r-'r'.'t 

15.11 

''  w]1 

El 

BT 

*•.  0 

i ,  p 

1  5  1  O 

'  r- 

.  -PE.. 

FT 

-  tj* 

H :  I  :• 

5  0  1  0 . 2  O 

'•  -4  /•• 

,  »'j  ’  7 

10.05  •  12 

r~TTT"l 

1  O  ■  4 

/  ;"i 

-HEEL 

•".'ELOC  I  TV  -  MPH  •" 

►_  4  i ' 

r*u':>.»r 

:  ct 

l_  o  t  P 

2  0 

:  T1 

1  FBEL 

TIME" 

m  r  ■  r 

■4  .  ^ 

.  i’ 

lhBEL 

"ft  SF'D" 

t,-.'  :  1,- 

"  ft  *1 

?P  I  HI 
f-  '  r  I  U  T 

_  ti 

-  Ijpv 

-  T  f< 

*.r  1 .  i .  h-  1*1  ^ 

411 

:.T.  HLE 

-  » ■ 7S  -4  21 

r  ‘1 

'  F : :  Is 

0  i  .  7c; 

*  ‘  11 

'.0  1  P 

ri 

l  1 

•T  «■»  C-  V 

=0  TO  c  STEP  5 

M  '  ;  •  '  F 

*.1 

;  r  p  h  w 

M  -  ,}' 

m  "  r 

c-  _  2  c * 

11 

.  F  PEL 

H  L  T  :  ■ 

tj-  0 

~'rP 

=  1 0  t  o  7  p;  t  e  p  p 

i  * 

NO'-.'E 

•  - .  i  p 

i  1 

rr-p-HW 

o  -  2 

4  f< 

M  f1  E 

■  *  _  c 

4T7Ti 

LhBEL 

MET'  '• 

4  4  0 

nF  "T 

4 r  ‘  r, 

h  ; ;  i  p 

H  I  1  T. 

.i 

..DIP 

M 

•.  “* 

ppp 

=0  TO  20  STEP  p 

NONE 

M  •  ‘  ' 

-TTTi 

If’PHW 

1  0 
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3  0  0  i)  M  0  V  E  -2 
7  ii  1 0  L  A  BEL  &!_■$>.  > 

7020  HE XT  V 

7030  IF  klf  ="V  THEN  3120 
7040  FOP  1=1  TO  18 


3  ft  S  i* 

Y  =  P'  I 

‘l  / 

T0* 1 0O 

7  M  fj,  f  1 

X  =  I  t-  2 

-  1 

7  0  7  O 

HOVE 

7  M  X  £ 

I  MOVE 

- 

il  ••  w. 

7  0  *”■*  0 

IOPAW 

75  ■  0  M 

IOPAW  O- 

7  1  C*  0 

I  D  FA  W 

- 

75  •  0  ® 

1 0  P  A  w  O  ■ 

7110 

NEXT 

I 

71  70 

MOVE 

0  • 

0 

7170 

FOR  I 

=  1 

TO  75 

7140 

V  — -  T 

*•.  —  i. 

7  i  ^  0 

Y-  1  00*'  1 

EXP  •  -•  C 

■  1  1  c  • 

Pi-.  . 

V 

i  ,  r  •  •  i 

1  ■ 

71**3 

OP  AW 

v 

7l?0 

NEXT 

1 

7  1  0  fl 

MOVE 

Vi 

0 

7  1  'j0  PRINT 
7 2' 00  PRINT 
7210  “'R  I  NT 

7220  ' OPY 

72  70  PF  ?  H ' 

724  0  P P I N T 

7250  PRINT 

7  200  G CL  E  H  P 

72  70  SCALE  0  32. 0  .•  1  € 

7  2 '  O  M  0  V  E  0-1  5 
72^0  LOIR  0 

7700  LABEL  "PLOT  OF  PERCENT  HOUR 
8  ABOVE 

7-7r.r,  hove  0.14 

•  7 2 0  LABEL  " 'SPEED  FOP  C  =  "  $<VAL*  '  C 


7  7  7  O 

MOVE  27.14 

7740 

LABEL  "MPH" 

7750 

MOVE  15.17 

7  7  E  0 

LABEL  "V  ="X"ALT'  t 

~  ?  7  0 

MOVE  15.  12 

7  7  8  0 

label  et 

7  780 

MOVE  15.11 

7  4  0  v? 

LABEL  Hf 

74  10 

XhX I  8  5.0.10.2O 

7  4  2  0 

VAX  18  10.0.5,12 

‘  -i  70 

MOVE  10.4 

.*  4  0 

LABEL  "  *;  TIME  " 

34  50 

MOVE  10.7 

7  4  F  O 

LABEL  "ABOVE  SFD" 

■■'4:20 

LOIR  70 

?  5  0 0 

MOVE  ? ■ 5 

7  5  1  0 

LABEL  "VEL  ■ MPH •  " 

7  s  2  0 

LOIP  0 

7570 

PRINT 

7540 

PRINT 

7550 

PRINT 

■  5  F  0 

COPY 

7570 

GC  LEAP 

7  5  8  O 

SCALE  -10. 105 .-4 
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*?  k  1 

m  .-••  l 

y  .  i  y  . 

y-l  y  y 

r  Mfl 

'  -  y 

►f  i  y 

-1,-2 

tr 

V  ,  '  l 

..ABEL 

‘••'ALf 

,  .  « 

*■’  7 y 

fop  :  =. 

00  TO 

x  y  "  P 

r:  4  0 

mole  ■•: 

—  7  _  * T* 

tr 

h  *">  /I 

■..ABEL 

UAL$< 

V  i 

4  -  u 

nr:T  ■■■ 

e  r  0 

.!=  1  y  y 

r.  -  M 

Mij'.-'E 

-4  5  . 

'■  cr 

K  '7  1 1 

LABEL 

L'fiLf  ' 

;■ '  » 

7  0  y 

yax  i  s 

0 5  0 

.  05 

7  7'  fi 

FOR  V  = 

0  TO 

55  STEP  5 

~  *7 

'■i  ole  - 

8.  Y-l 

7  4  0 

LABEL 

ALT' 

Y  > 

7 X  M 

HE  T  V 

' '  -4  0 

IF  Wt  = 

"Y"  THEN  7060 

0  l'l  ft 

r  'j  p  \  - 

18  TO 

1  OTRP  - 

■•  1 6 

MQL'E  T 

•  Y-l  :• 

*  \  0  0  .  V  *.  2  - 

x  ZB 

I  MOVE 

—  V  . 

> 

x  7  y 

I  OR  AW 

75  •  0 

i?  I  DRAW 

c  4  0 

I  OP  AW 

_  -f  cr 

0  (£  I  DRAW 

x  5  M 

WE  XT  Y 

7 0 

MOVE  A 

7  er 

£  7  0 

POP  X  = 

1  TO 

1  00 

7  y 

V  -  f  i: .  - 

LOG  <  y 

1  00  '  .  -1  ••  f  1 

x '70 

DRAW  X 

•  Y 

9  0  y 

NEXT  X 

■?  1  fi 

API  NT 

9  2  B 

PRINT 

7  7  0 

PRINT 

9  4  y 

COPY 

95  0 

PRINT 

>:m7Ti 

F‘  I  N  T 

q  r« 

PRINT 

■zi 

2  hD 
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Program  WEIPOW 


r 

Listing 


10  P1,P2,P3,C,K=0 

2  0  CLEAR 

30  0  I  3  P  "  THIS  P  R  0  G  P  ft  M  C  0  M  P  i  • T  F  :• 
WATTS  PEP" 

a Ci  DIPP  "SQUARE  M E T E P  GIUEn  A 
hL'JE  FOE" 

50  DISP  "  C  IN  MILES  PEP  HOOP 
HD  h  y  1  H  o  '• 

P 0  OI'-.p  "t.'H ITS  1  " 

70  01  OP 
£0  0’OP 

00  CHOP  “  Ft WHAT  10  YOUP  ORIOIE 
0  F  C  ♦:  >  "  . 

J  00  IMF  LIT  c 

i  to  01  OP  "ttW HOT  10  vnt.lp  UAL'.'P 
OF  ►  tl  " 

100  INPUT  y 
170  CL EPR 

1  4  0  0  1 3  P  "  S  T  A  N  0  P  V  *  C  0  M  P IJ  T  A  T  I  0  M  3 
M  PROGRESS- " 

150  PGR  1=1  TO  40 
1  E 0  P  1  =EXP  !  -  57E  "•  C  ■  -I  •  -ESP 

T+  5  7t  >  C  '■  '  K  > 

1  7 tj  P 2=23  0 5  t  0 0  I  9 2 S  *  I  -•  7 * P  1 

1  SO  P  3  =  P  3  +  P  2 
1?0  NEXT  I 
200  CL  C  A F' 

210  DISP  "  C-"  C  "MPH" 

220  DISP  "  K=",L 

2  70  IMAGE  "HE  I  BULL  POWER  -  "  4D 

DD  •  "  -'l-J  M  '2>  " 

240  DISP  USING  230  ■  P3 
200  DISP  "DO  YOU  WANT  PF'JNTFP  C 
P  Y  "  , 

260  INPUT  ft 
2 ?0  IF  Y t~" M ”  THEN  710 
200  PRINT  "  C=  "  C  " MPH" 

720  PRINT  "  K  =  "  . K 
700  PRINT  USING  230  ;  P7 
310  DISP  "0  0  Y  0  U  WANT  T 0  f 0 M p  U  t 
POWER  FOP" 

320  DISP  "OTHER  C's  AND  K * s " 

330  INPUT  Y$ 

340  IF  Yf="Y"  THEN  10 
350  END 


148 


Program  CHGHGT 
Listing 


i  0 

C1C2 

r-l  ‘  2,2  1.Z2  H  1,01  m  .  N2 

■  02  =  U 

Z’O 

DIOR  " 

HEIGHT  ‘IN  METERS'  FOP 

i*j  HIGH 

C  RNO  K  l-'E PE  ORIGINS 

L.v  COMP!.!TED"  ■ 

7  *1 

I *■*  P  *J  7 

*7  « 

4  M 

I  MhCiE 

"C  IN  METERS  PER  SEC  P 

Ijp  "  ODD  "  M  HEIGHT" 

jO 

o  i  -  o 

SING  40  •  21 

K  M 

;  MPI:-r 

L  1 

'  o 

7  Nr'GE 

I  GHT  ’■ 

"P  FOR  "  ■  000  •  "  METtTP  HE 

:f : , 

0  I  :  R  1. 

SING  70  •  21 

•-«  vj 

i  N  R  l  J  T 

M 

i  mm 

0  I S  R  " 

NEW  HEIGHT  H  T  N  H  l  ■ .  H  V  U 

o  wRMT 

C  RNO  K  Cr,Kpi.ITED'' 

;  io 

I  NRUT 

”7  “i 

1  0 

Ml-  37 

-  OSS* LOG'  Cl.' 

1  30 

0  i  =  1  - 

088*  LOG  <  Z  1  1  0  1 

i  ^  0 

N=N1  01 

1  50 

M2  -  t  - 

088*LOC < 21  10 > 

t  K  0 

02=1- 

OS  S  PLO  T  ■  22  1  0 

1  70 

K2=K  1*012  02 • 

l  y  0 

C  2  =  C  1:4 

■22  21  "-01 

1  9  m 

I  URGE 

“OLD  HEIGHT" , 17X, ODD • " 

N " 

3  0  0 

IMftGE 

“NEW  HEIGHT"  .  17X . OOP  “ 

M  " 

2  1  M 

■ 

"old  op  do ooo oo 

MRH" 

4  2  0 

I  ■  ■  :  GE 

"HE  W  C"  •  ’  0  0  0  0  0  0  P  D  0 

“  MPH" 

230 

IMP'  • 

•'  H-  .  17X.-D0  DODO  ODD 

24  0 

IHRGF 

'  f  w  K"  •  1  7R  00  OODDOC'D 

24  5 

CLERR 

250 

PRINT 

2  6  O 

PRINT 

•:  7  0 

PRINT 

vSIMG  ; 9 0 

2  S  0 

PRINT 

USING  210 

2  9  0 

r-  PINT 

USING  220 

3  0  0 

^  I  NT 

■7  |  •*> 

■  -  I  NT 

■  I  NT 

USING  200  22 

-=  I  NT 

USING  220  •  0.2 

•'•PINT 
-T  '  T 

USING  240  ;  K2 

Program  WINDE1 
Listing 


10 

D  I  5  P 

-*CHECr  UNIT i-THl S  PR 

fi  C  R  H  M  : 

t  T  " 

20 

TT'-".P  " 

IJP  FOR  ENGLISH  UN  I  TS  " 

4  0 

J  1  S  P 
DISP 

SO 

DISP  " 

NAME  OF  WIND  MACHINE  !l 

NDEP  C 

ON-  *' 

c  0 

D  I  TP  " 

SI  DERAT  ION" 

70 

INPUT 

At 

9  0 

DISP  " 

WHAT  IS  THE  CUT-IN  -.'Fi. 

OS  I  TV 

n  p 

9  0 

0  I  S  p  " 

THE  WIND  MACHINE  'IN  m 

PH  " 

i  00 

INPUT 

1  1  1 

X 

:  1 0 

DISP  " 

WHAT  IS  ITS  RATED  ‘■•'ELS 

CITY  •' 

f.1FH  '. 

1  20 

INPUT 

1 1  ■■ 

V  w 

1  70 

DISP  ' 

WHAT  IS  THE  CUT-OUT 

LOG  IT'. 

M 

1  4  0 

DISP  ' 

mph  '• " 

1  50 

INPUT 

1,1“ 

1  SO 

DISP  ' 

HOW  MANY  1  MPH  I  N T F P A 

LS  BETWEEN" 

1  70 

DISP  1 

THE  CU”-IN  UELOCirv  hn 

D  THE 

" 

1  s  0 

DISP 

RATED  UELOCITV" 

1  9  0 

INPUT 

N 

?  0  0 

DISP  ' 

WHAT  IS  THE  TURBINE  RA 

ted  powep  " 

2  1  0 

DISP 

■:kw  " 

2  2  0 

INPUT 

p 

2  7  0 

DISP 

'WHAT  IS  THE  TURBINE  PC 

TOP 

ti 

240 

C'ISP 

'DIAMETER  CFEET .'  " 

2  c,n  I  H  P  U  T  R? 

2  SO  A1=PI  *R2  2  4 

2 ? Ci  C'ISP  "WHERE  1?  WINDMILL  TO  E 
E  LOCATED" 

2  £  Ci  INPUT  Bi 

290  01  CP  "HOW  HIGH  IS  THIS  SITE 
HBO'-'E  SEP  " 

700  DISF'  "LE'-'EL  '  IN  PEET  '  " 

~  1  VI  INPUT  A 2 

7 ?0  D I S P  "WHAT  IS  WE  I  BULL  CONET A 
NT  C  IN 

730  DISP  "MPH  FOP  THIS  LOCATION" 
740  INPUT  C 

7*,o  DISP  "WHAT  IS  WE  I  BULL  CONRTA 
NT  \  FOP 

7 CO  DISP  "THIS  LOCATION" 

770  INPUT  c 

7  7: 0  D  I  '9  P  "  FOP  H  0  W  M  ANY  H  0  U  P  S  W I  L 
L  POWER  BE" 

790  DISP  "GENERATED" 

400  INPUT  H 

4  10  DISP  "HOW  MUCH  DOES  C 0 M M F P C 
IHL  ELEC-  " 

420  DISP  "TRICITY  COST  <  *  ••  KW-HP  - 
4  50  INPUT  C 


150 


4  *4  t1  L  L  t  H  ri 

450  D  i  S P  "  2  TftNO-P  " 

460  R7--2  6  1  57  3  42857  1  E-54R2+  995 
952380953 

470  e>*  69386271 3252+  5152599971 
2  2  4  K  -  2  6  0 0 6  5 1  6  5 1  6  6 4 V  "■  2  +  2  5  0  0 
27443925E-24K  7 


4  P  8 

06  r  c  c  2 

4  90 

0 7  =  0 6  -  3 

0  ft 

09-12  799492 

3711+4  34094 

S  R  6  7  7  7  '  2  4  K  A  7 

*-  ;  •  i 

)  'a  =■  'J  x  *  '..'7 

• ,  ^  *’t 

02-01  :>  -  n 

570 

04  =  .  0  1  +02  >  '2 

54  0 

D — '  0 2-0 1  '4C0 

.  t.  ■  0  7  i 

s  5  fi 

B- ■ 04  2-012 

-’..'1  2  •  •  ■  0 

c.  8  fcl 

1  ;(  >’  1. .'4  ,  '..>2  > 

'  7  j 

ft  =  ~B  ♦  1  —  C  1 40 

S t*i 

F  —  P 

-a  ft 

•'  5  =  0 1  +  2 

FOP  I  --- 1  TO  N 

6  1  0 

P  =  p  +  •  ft  +  E:  4  0  5  + 

>:  06-  P,  2'>  C  '■■■- 

'  r  >  •  •  ■•K  :■ ''  43 

r-  1 1 

ii(»  t*  -  »,!  cr  +  -7 

t-f.  **•  il 

next  i 

t£_4_fl 

PI  -  R 

5  O 

P  2  =  P  1  4  P 

f,  P 

P7-P14-  EXP-:- 

-  •  ■  ■  .  1 '  ,  1 

•-  3  P7 

r~. :  ij 

-  •  P 

*-  r*  0 

...  ■  r'4 

"  fi  fi 

P  -  010000514 

"  1  0 

PX-P4  F'7 

4  *7 

0_  =  P6  -  P2  "2 

7  3  0 

I M  ROE  "THIS 

-4  0 

I  M ft G E  20ft • 9X 

-  5  0 

LEftP 

• '  6  0 

-••PINT  USING 

"  7  fi 

pc- 1  NT  USING 

7*  8  m 

i  URGE  "SITED 

7  0 

D P I N T  USING 

7  P  0 

PRINT 

;  0 

PRINT 

£  0 

PRINT 

3  7  0 

! MftGE  "44444 

ftT I  ON 4 44444" 

-•  4  0 

PRINT  USING 

: ::  ■=.  n 

I MftGE  "CUT- I 

ODD  D  "  MPH" 

V  8  0 

PRINT  USING 

7  0 

I MftGE  "PRIED 

D  D • "  MPM" 

y  0 

PRINT  USING 

x  9  fi 

I MftGE  "1  MPH 

DD 

0987-11  99684 i 0  3 
64556741' -'2-  .  5757 


4 ' 2  -  V  12  1  -  <-  V  4  -  V  1 
04  02  >  A3t  02  "  2 
7  4  •;  0  2-0  1  •  -  •  W4-0 1 
1  -2 


r  1405  "  2  :•  4  ■  EXP'  -• 

(  '•  -EXP  '  -  <  05  +  3  ,■  2 


'  02  "C  ''  ■  K  •  -  EXP  ■  -  ■ 


P74ft 1409 

4  7048'  •'•  2  4P  I  :•  4  C  9 
Oft  Tft  T$  FOP  ft" 

■ "WINDMILL" 

7  70 

740  R I 

R T "  2 X  20R 
780  •  Bt 


4  WINDMILL  INFORM 
P.70 

N  0ELOCITV  .  8X. 

850  ■  0 1 
0ELOCITY"  .  9 X  ■  D D 

770  .  02 
INTFP0RLV  .  1  5 X  • 
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n 0  F P  I  H t  u S  1 M G  2 ?0  .  H  T.,‘,  - 
G  1 0  1 MAGE  "CUT-OUT  VEL0-.1T, 

ODD  D,"  MpN" 

*20  print  using  r. 

I  URGE  "TUPPINE  DTHMF.TEF  -• 

0°P?P°;,“  .^TopFft«  ^y.onnor-n 

a 4 O  IMAgE  "SMFFT  HRfcH  .....  - 

q  ,  "  Q  FT" 

Qsn  PRINT  USING  S70  •  R2 
•ap.0  PRINT  USING  ‘>40  ^  Hi 
C7P  IMAGE  "RATED  POWER  Ica-DDD. 

0  ,  "  (  •:  W  " 

4* vi  PRINT  USING  ?70  R 
PRINT 

!®1®  IMAGE  INFORMA 

T  t  n  N  '♦  t 1 4  T  *  *  *  ’’ 

mo*  PRINT  USING  1010  (  ..  „ 

,>70  IMAGE  "SITE  ELE’-'AT .  OH 
norm  "  REE T " 

PRINT  USING  1070  '  HA 
;:^0  IMAGE  "C"  1PV.DD  DDDDDO  '  ’* 
PH" 

,r,  p  R  I  N  T  IJ  S  I  N  G  1  0 5  0 
j0ru  TMAGE  ">  "  •  DO  DDDDDD 
10^0  PRINT  "SING  1070  ;  K 
mV'-m  t MAGE  "AUEPAGF  WTNDSPEEJ 
‘  ,  000  DO  •  "  MPH" 

nO0  PRINT  USING  10? 6  •  VS 

1110  PRINT 

{  !  7 1-  IMAGE  "  t  *  *  * *  *  *  t  POWER  INF  0  P  M 

AT  ION  1*  ii'iH  " 

•140  c  PINT  USING  1170  _  „ 

i  •  t'.A  IMAGE  "OPERATING  TIME  ' 

Of. DO  ■  "  HOURS" 

,  RPTNT  USING  1  1  50  •  H 

, image  "AUP  POWER  OUTPUT1  •- 
'  “  '  .0000  DC'.  "  T W ” 

<  i'.:;0  PRINT  USING  t  1 7 U  •  ... 

i]W  IMAGE  "CAPACITY  F-  '  ,p 
n  0000000 

i  print  USING  1 1  ?0  R-' 

•  7  in  IMAGE  "ENERGY  OUTPUT"  ■  4 •  DD 
0000000 4 "  KW-HR" 
l-'Pii  PRINT  USING  1210  •  •  ^  ..... 

1 >70  IMAGE  "RECOVERY  FA  ' 

0  DDDODDD 

1  -'40  PRINT  USING  1270  . 

l“sn  IMAGE  "COST  OF  ENEr-  -  '  '  ■  c  -  ' 
t " . o  ODD • " /FW-HR" 

1  HA  PRINT  USING  1250  •  , 

77f,  ! MAGE  "UNIT  SAVING-"  ?>  i 
'  *  .ODD  DO. "  M  P" 

12S0  PRINT  USING  '*  4  l-  :  D- 

l2'?e  ENII 
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Program  WINDE2 
Listing 


lQ 
•  *J 

i* 

.1  ft 
c,  ft 


1 1 


rm-:  PR 


:vj 

;  SC 

;  r>;i 
1  0 
;.Cnj 

-  0 


4  Cl 
=■0 
A  Cl 


jliF  - - :hEO  •-'N!'": 

„-,jp  PQR  ENGLISH  UNITS' 


jlp  "  HR  ME  OF  i'll  HO  MACHINE  U 
|.[|[K  C  Ot<-  " 
j[Sf  "SI  DEPAT  I  ON" 

INPUT  Hf 

QT--.P  "WHAT  IS  THE  CUT-IN  '-EL 
v-’~v  nr 

;r-:P  'THE  WIND  MACH  I NE  <•  I N  M 
P  -  1 

INPUT  U 1 

QISP  " WHAT  IS  THE  CUT-OUT  UE 

i.  n C  I  TV 

-ii;p  "  •  MPH  " 

r»  T  c,  p  «  H  0  M  M  H  N  Y  I  H  T  E  G  R  A  T  I  U  N  S 
TEPS  • EUENNUMPEF  OF  1MPH  I  NT 

cpufil  s  »  P,P—  11 

T,  I  p  "  TWEEN  C  U  T  -  I H  A  N  D  C  U  T  -  0 
JT  L'ELOC  I  -T  I  ES  "  ■ 

01 -p  "WHAT  IS  THE  TURBINE  pA 
TED  POWER 

n  t  c  p  ",  K  W  "■  " 

}\  !  ■*  p  "HOW  MANY  POLY  NON  I  -<L  L'O 
ErF i :  I EHTSDESCRTBE  THE  WIND 
T  1 P P i N E  POWER  " 

r-:p  »• CURVE* 

Input  ns 

IMAGE  "MODEL  CURVE =  Y=AC";DD 
..  y  "  f  no  "  +  ft  *"  *  x + h • 
o  •  P  1  »•=:  I NG  27  ft  •  N9-1  ■  N9-  1 
FOP  I--.H9  TO  1  STEP  -1 


'■  ft  ft  V 


.1  'li 

•i  ;  r> 

a  j;  m 

4  'i* 


-  T  _  1 

OT-r.p  '  "  INPUT  AC  "  ;  K  ■  "  ”  ■ 

r  pe-ijT  A  1  I  1 

MCP  "WHAT  IS  THE  TURBINE  RO 

ofz*  "DIAMETER  -FEET  > " 

InPuT  D 
--  -PT  *:  0  "  2  •"  4 

,-jc.F  "WHERE  IS  WINDMILL  TO  B 
i  i  nr  AT ED" 

'  ' J T  St  .  .  _T__ 

: ’  HOW  HIGH  IS  THIS  SITE 

i* '..‘C  SEA  " 

j7--.p  "LE'-'EL  '  IN  FEET.>" 

*  r.j  p  ii  t  P 

’  'ip  "WHAT  IS  WE  I  BULL  CGNSTH 
" 

:  .-.p  -MPH  FOR  THIS  LOCATION" 

;  iip!  iT  _ 

A  I  ‘Tp  "  WHAT  IS  WE  I  BULL  CuNSTH 
NT  V  POP 

jjc.P  Tins  LOCATION" 
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440  INPUT  t  1 
4  50  OISP  "POP  HON  HOMY  HOURS  NIL 
L  POWER  BE" 

4P.0  DISP  "  GENEP'HT  ED  11 
4  7  0  INPUT  HI 

480  OISP  "HOW  MUCH  DOES  COMMEPC 
IflL  ELEC-  •' 

4?0  DISP  "  TRICITY  COST  fcW-HP  . 


INPUT  C9 
C  l.  E  H  P' 

OISP  "  STRND-BY " 

V  =  ?95?2380?5'?-2  6 1  67 1  42857 I 
E-5*E 

C 1  -  8998623 1 3252+  5 1 5259993 1 
2  2  *  K  1-2OO0  6  5  f.  6  5166  '*  K  12  +  2  1 

002344 ?925P  -2  *:k  1  '3 
HI =C  C  1 
‘.,'7=R1  -  3 

08=1 2 . 7994920987-1 1  99684 1 01 
83*kt+4  340 '9  4645567 1  R  1  •  2  -  6" 
5  350633732 * V 1  '3 

l„l  Q  -  l((  O  <„l  ~ 

R  2  =  R  ♦:  V  9  %  0  0  0  0051  4  V 
H  =  ■  3  -  O  1  N 

N  1  =N- 1 
P  5  =  0 

FOR  1=1  TO  HI  STEP  2 
P  2  =  0 
P  3  =  0 

P4=fi 
=  0 

FOP  1=1  TO  3 
IP  J=1  THEN  710 
0  0  T  0  "  3  0 
.'  =  01+.  J-l  >*H 

G  0  T  0  7  8  0 
IP  .1  =  2  THEN  750 
G  0  TO  7  7  O 
1  +  I  :*h 
G  0  T  0  7  8  0 

V  =  U 1  + '  1  +  1  .  *H 
P  1  =0 

FOP  k  =  1  TO  N 9 
P  2  =  R  •  1  ■  4  O  ■  k  -  1  ) 

P 1 =P 1 +P2 
ne:;t  i 

P 3  =  E " P <  -  •"  •  ’..‘-H  2  .  "  C  1  k  1  .  -E\'P  • 
•  o  +  H/2'.  r  .  - 1  1 
P  4  =  p  1  4  P  3 
IF  J=2  THEN  070 
GOTO  S80 
P4  =  4*:P4 
P  5  =  P  5  +  P  4 
NEYT  j 
NEXT  I 
P6=P5 * H  3 
01=0*  3048 
R  3  =  P 14  01 "2  4 
P  1  =PP./R 


9  5  0  F  2  *  P  k  lit 
9 6 O  T2=P64Hl 
970  T 7  =  T 2 h7- 
980  T4=C9*T3 

990  If 1RGE  “THIS.  ORTH  IS  FOR  A" 
1000  IMAGE  20ft  -  27  •  "WINDMILL" 

1010  CLEAR 

1020  PRINT  USING  990 

1070  PRINT  USING  1000  ;  fit 

1 040  I  MAGE  " S I  TEC  AT" . 27 , 20h 

105O  PRINT  USING  1040  ;  Bt 

1060  PRINT 

1070  PRINT 

1080  PRINT 

1090  IMAGE  "  *r**:**WINOMI,_L  INFOR 
MAT  I  OH*  ft  Vi*" 

1100  PRINT  USING  1090 
1110  IMAGE  "CUT-IN  VELOCITY"  -  BY... 
ODD  D ■  "  MPH" 

1120  PR  I  r  ’  T  USING  1110  •  VI 
1170  IMAGE  “CUT-OUT  VELOCITY" . 77 
■ODD  0."  MPH" 

1140  PRINT  USING  1170  V7 
1150  IMAGE  "INTEGRATION  STEP'-"  1 
27 , ODD 

1160  PRINT  USING  1150  ■  N 
1170  I  MAGE  " TURB I  HE  0  I AMETEP " , 57 
■DODD  0."  FEET" 
i  ISO  PPINT  USING  1170  •  0 
1190  IMAGE  “SWEPT  AREA" , 8X • ODDDD 
f  D  "  S Q  FT" 

1200  PRINT  USING  1190  •  H 
1210  IMAGE  "RATED  POWER "• 1 2X • ODD 
D  □  •"  KW " 

1220  PRINT  USING  1210  •  P 
1270  PRINT 

l  240  IMAGE  "  »:  *  *  t  %  t  *  *  C  U P  V  E  INF  0  P  M 
ATI  ON  ♦  T  ■****•*" 

1250  PRINT  USING  1240 
1260  IMAGE  "NO  POLY  COEFF" • 1GX- 
DD 

1 2  7  0  P R I N T  U  ?  TNG  1 2  6  0  ,  N  9 
1 220  IMAGE  "COEFFICIENTS  " 

1290  PRINT  USING  1280 
1 700  i MAGE  87 .  "  A  < " , DD  .  "  ■  =  "  , SD  D 

DDDDODDDDE 

1710  FOR  I  =  N?  TO  1  STEP  -1 
1720  PRINT  USING  1300  .  I -  1  . R •  I  • 
5770  NEXT  I 
'740  PRINT 
■  750  PRINT 

1760  IMAGE  "  FT*  *:  %  %  *  f  S  I  T  E  IMFOPMfi 
T  I  ONt  MM  it*  " 

1 770  PR  I N  T  US  I  NG  1 360 
! 790  IMAGE  "SITE  ELF VAT  I  ON "  . 87 . D 
DODD"  FEET" 

l  7  9  0  PRINT  U  1  N  G  17  '■  0  E 

1400  IMAGE  "C"  1 87 . DD  OOOOOO."  M 
PH" 

i  4  •>  FFIr.T  ."iluiZ  :  -  0  0  ;  C 
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1  420 
14  70 
14  40 

14  50 
1  460 
14  70 
1  4  80 

1  490 
1500 

1510 
1  520 

1  5^0 
154  0 

1550 
1  560 

1  570 
.  580 


1  6  0'’ 

1  6  1  0 
1  620 

1670 
1  640 


IMAGE  "1  "  22 X  DD  on DODD 
PRINT  USING  1420  K1 
IMRGE  "AVERAGE  W I  NOSPEED "  ■  r 
X  ODD  DD."  MPH" 

PRINT  USING  1440  ;  R1 

PRINT 

PRINT 

IMRGE  " ******* KRONER  INFORM 
AT  I  ON* ******  " 

PRINT  USING  1480 

IMRGE  "OPERATING  TIME"  72,0 

DODD."  HOURS" 

PRINT  USING  1500  HI 
I  M  R G  E  "  R VE  P  0 U  E  P  0  U T  p IJ  T  "  .  6  X 
•DODD  DD"  !W" 

PRINT  USING  1520  P6 
IMRGE  "CRPRCITV  FACTOR", SN- 
D  DDDDODD 

PRINT  USING  1540  ••  f  1 
IMAGE  "ENERGY  0UTc>_  T  "  J  X  •  DO 
DDDDODD"  KW-HP" 

PRINT  USING  1560  .  T? 

IMRGE  "RECOVERY  FRCTOR"  8X  ■ 
">  DDDDODD 

PRINT  USING  1580  ;  F2 
' M AGE  “ C 0 S T  OF  ENEPG V "  . 6 X  . " 
*  "  .  0  . ODD  "IN -HP” 

PRINT  I  j  - T  N  G  1600  '  C9 
IMAGE  "  !.>i  I  T  SAVING’™  •  9X  "  t " 
,  DDD  CD  •  "  ••  M  '  2" 

PRINT  USING  1620  ;  T4 
END 
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APPENDIX  C 
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VSAFA  SITING  EXTREMES  SUMMARY 

1.  INTRODUCTION 

Many  hazards  exist  which  may  have  a  direct  impact  on  the  siting  of 
wind  turbines.  This  Appendix  deals  with  15  potential  hazards  as  out¬ 
lined  by  Battelle  Northwest  Laboratory  in  their  "Draft  Handbook  for 
•Siting  Large  Wind  Energy  Conversion  Systems"  (10).  Each  hazard  is  listed 
individually  and  the  local  extremes  for  the  Air  Force  Academy  considered 
with  respect  to  impacts  on  wind  machine  siting.  Many  of  these  extremes 
wiLl  be  of  more  concern  to  the  turbine  designer  than  to  the  site  surveyor, 
yet  they  should  still  be  addressed.  Specific  references  from  which  these 
extremes  were  summarized  are  contained  in  (3). 

2.  SOLAR  RADIATION 

Sunshine,  in  addition  to  being  the  driving  force  behind  the  wind,  may 
cause  material  deterioration.  Ultraviolet  deterioration  of  polymers,  for 
example,  could  have  a  detrimental  effect  on  machine  life  and  maintenance 
costs.  The  Air  Force  Academy  receives  a  good  deal  of  solar  radiation  due 
to  its  dry  climate  and  high  altitude.  The  average  number  of  hours  of  sun¬ 
shine  per  year  is  3000. 


TABLE  0-1 :  US A FA  SOLAR  RADIATION 


Period 

iresentative  Month) 

Hours  of  Sunshine 
Month 

Langleys/day 

Winter  (Jan) 

200  -  220 

200  -  250 

Spring  (Apr) 

240  -  260 

500  -  550 

Summer  (Jul) 

320  -  360 

600  -  650 

Fail  (Oct) 

240  -  280 

300  -  400 

Annua 1 

250 

400 
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3.  EXTREME  TEMPERATURES 

Temperature  extremes  may  affect  the  performance  of  machine  parts  and 
lubricants  and  also  the  material  properties  of  its  components.  The  depth 
of  frost  penetration  is  also  a  consideration  for  proper  foundation  design. 
The  temperature  extremes  for  USAFA  are  100°F  (38°C)  and  -32°F  (~35°C). 

The  frost  line  may  extend  to  30  inches  within  this  area. 


TABLE  02:  USAFA  TEMPERATURE  EXTREMES 


Period 

Representaive  Month) 

Monthly  Mean  Maximum 

Monthly  Mean  Minimum 

Winter  (Jan) 

41. 0°F 

16. 1°F 

Spring  (Apr) 

59. 2°F 

33. 1°F 

Summer  (Jul) 

84 . 4°F 

5  7 . 0°F 

Fall  (Oct) 

64. 2°F 

36. 8°F 

Annual 

61. 4°F 

35. 4°F 

BLOWING  DUST 

Dust  can  cause  damage  to  a  wind  machine  if  it  is  not  sealed  or  main¬ 
tained  properly.  Dust  may  penetrate  the  machine  housing  to  cause  excessive 
wear  on  moving  parts.  At  the  Academy,  the  frequency  of  dust  is  not  large, 
but  occasional  wind  storms  may  actually  sand  blast  the  machine.  Painted 
surfaces  should  be  impact  resistant  to  minimize  this  damage. 


TABLE  03:  USAFA  DUST  LFVELS 


Period 

(Representative  Month) 

Winter  (Jan) 

Spring  (Apr) 

Summer  (Jul) 

Fall  (Oct) 

Annual 


%  of  Dusty  Hours 
(visibility  >  7  miles) 

0.1  -  0.5 
.025  -  1.0 
0.0  -  0.2 
.005  -  0.4 
0.2  -  1.0 


158 


5.  SNOWFALL 


Snowfall's  greatest  detriment  is  to  limit  the  access  to  the  more  remote 
locations  for  servicing  of  a  wind  machine.  Snow  could  also  accumulate  inside 
the  machine  housing  and  cause  damage  to  electrical  components.  At  the 
Academy  the  annual  snowfall  is  40  inches  with  whiteoutt  or  blizzard  con¬ 
ditions  not  uncommon  during  periods  of  snowfall.  There  would  be  approxi¬ 
mately  10  days  per  year  when  snowfall  could  prevent  normal  traffic  from 
reaching  the  more  remote  locations. 

6.  ICING 

The  accumulation  of  ice  on  the  rotor  blades,  tower  or  power  lines  could 
lead  to  damage  and/or  loss  of  power.  Glaze  ice  is  the  most  damaging  type 
and  is  caused  by  freezing  of  rain  on  the  colder  surface  of  the  machine. 

Rime  ice  is  formed  by  the  condensation  of  water  vapor  which  has  been  super 
cooled  and,  when  it  collects  on  a  structure,  is  much  less  dense  and,  therefore, 
less  damaging  than  glaze  ice.  The  Academy  would  be  subject  to  glaze  ice 
i .n  excess  of  1/4  inch,  no  more  than  a.i  aterage  of  once  per  year. 

1.  TURBULENCE 

Turbulence  and  wind  gusts  are  rapid  fluctuations  in  the  wind  direction 
or  speed.  The  turbulence  around  a  wind  turbine  will,  in  general. , reduce  its 
efficiency,  complicate  the  control  systen,and  may  induce  fatigue  in  the 
blades.  At  the  Academy  turbulence  can  be  severe,  especially  during  thunder¬ 
storms.  The  site  selected  must  be  one  at  which  turbulence  levels  are  low 
and/or  the  machine  has  been  designed  with  these  turbulence  levels  in  mind. 
Turbulence  levels  have  not  been  measured  in  the  present  study  but  must  be 
recorded  prior  to  machine  installation  at  USAFA  or  any  other  location. 

8.  EXTREME  WINDS 

Knowledge  of  extreme  winds  is  necessary  for  wind  machine  design.  For 
example,  most  wind  machines  have  an  upper  limit  or  cut-out  speed  above 
which  the  blades  are  feathered  or  the  machine  is  braked  to  a  stop  to  avoid 
overstressinq  the  machine.  Colorado  Springs  reports  the  fastest  mile 
(the  increase  of  the  time  required  for  1  mile  of  wind  to  pass  a  recording 
station)  of  60  mph.  Because  the  Academy  is  located  against  the  foothills, 
the  local  winds  will  certainly  exceed  those  in  Colorado  Springs,  especially 
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during  the  chinook  winds  of  late  winter  and  early  spring.  Peak  wind 
speeds  recorded  at  the  Academy  are  90  mph. 

9.  HEAVY  RAINS 

Excessive  moisture  can  lead  to  electrical  circuit  damage  and/or  corro¬ 
sion.  Rainfall  at  the  Academy  averages  only  15  inches  per  year  and  the 
relative  humidity  is  low  so  problems  with  excessive  moisture  should  not 
exist. 

10.  THUNDERSTORMS 

Thunderstorms  are  local  violent  storms  caused  by  the  rise  of  warm 
moist  air  and  usually  occur  in  the  summer.  Thunders torms  can  result  in 
severe  winds,  gusts,  turbulence,  heavy  rain,  hail,  lightning  and/or  tor¬ 
nadoes.  Although  each  of  these  results  is  considered  separately,  the 
combined  effects  during  thunderstorms  may  be  great.  Colorado  foothills 
along  the  front  range  of  the  Rocky  Mountains  are  subject  to  almost 
daily  thunderstorms  during  the  summer  and  the  Academy  could  expect  to 
experience  70  thunderstorm  days  per  year.  Most  of  these  storms  will 
occur  around  1500-1600  hours  and  are  usually  1/2  hour  in  duration. 

11.  LIGHTNING 

Electrical  storms  can  destroy  a  wind  turbine  if  it  is  not  properly 
grounded  and  protected.  Damage  can  be  reduced,  but  never  eliminated,  by 
the  proper  design  of  the  control  system  and  electrical  grounding.  Light¬ 
ning  is  usually  associated  with  thunderstorms  and  the  Academy  is  in  a  high 
thunderstorm  frequency  area.  Damage  due  to  lightning  is  evident  on  many 
ridge  lines  where  trees  have  been  scarred  or  burned  from  strikes.  Instru¬ 
mentation  towers  associated  with  the  present  project  have  not  suffered 
lightning  damage  but  static  electricity  in  the  vicinity  of  thunderstorms 
caused  occasional  problems. 

12.  HAIL 

Hail  can  damage  the  blades  and  structure  of  a  wind  turbine  by  causing 
dents,  chips  and  surface  abrasion.  The  Academy  is  in  an  area  of  frequent 
hail,  12  times  per  year  greater  than  19  mm  (0.75  in),  and  some  consideration 
for  hail  protection  must  be  considered  in  wind  machine  design.  Maximum 
recorded  hail  size  for  the  Colorado  Springs  area  is  75  mm  (2.95  in). 
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13.  TORNADOES 


Tornadoes  are  local,  high  speed  (200-300  mph)  circular  funnels  which 
can  destroy  any  wind  machine  in  its  path.  It  is  not  practical  to  design 
a  machine  to  withstand  such  extreme  loads,  but  probability  of  tornado 
occurrence  must  be  considered.  In  the  Academy  area,  funnel  clouds  are 
not  uncommon  during  the  summer  months  but  infrequently  touch  ground 
level.  The  probability  of  occurrence  is  approximately  two  every  16 
years. 

14.  FLOODS 

Flood  protection  is  greatest  in  a  flood  plain  of  a  valley, but  since 
the  prime  sites  at  the  Academy  are  on  ridge  lines, there  is  no  consideration 
of  flood  protection  required. 

13.  EARTHQUAKES 

Wind  machines  are  highly  susceptible  to  earthquakes  and  structural 
integrity  should  be  assured  by  the  manufacturer.  Structural  designs 
can  be  modified  to  reduce  earthquake  damage  in  high  risk  areas.  Colorado 
is  in  Zone  1  earthquake  risk  and  can  expect  earthquakes  resulting  in 
only  minor  damage. 
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